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ABSl’RACT 


This thesis entitled ‘Phytochemical Investigations on some plants of 
Bundelklaand region’ consists of five chapters and deals with the phytochemical 
studies made on the (i) aerial parts of Kickxia nimmosissima (Wall.) Janchen Syn. 
Linaria ramosissima, (ii) stems of Ziziphits nummularia and (iii) aerial parts of Celsia 
corromandeliana (Valil.). A brief description of the five chapters is given below: 
CHAPTER 1: 

INTRODUCTION: 

The chapter 1 is an introductory one and deals briefiy with the 
historical facts, relevance, scope and the future prospects of the plant chemistry. It 
also gives in short the applications of modern methods of isolation, separation and the 
structural determination viz. chromatographic and spectroscopic techniques. This 
chapter also covers the brief account of some of the important allelochemicals along 
with the important features of the problem taken and the actual work done with 
relevant bibliography. 

CHAPTER 2: 

ISOLATION AND STUDY OF A NOVEL ACYLATED 
FLAVONOL GLYCOSIDE; 6-[2"-HYDROXY-3''-METHYL BUTYL] 
QUERCETIN -7-0- (2'''-GALLOYL)-|3-D-GLUCOPYRANOSIDE’-’ FROM 
KICKXIA RAMOSISSIMA (WALL.) JANCHEN SYN. LINARIA RAMOSISSIMA 
(FAMILY- SCROPHULARIACEAE). 

A novel flavonoid glycoside was isolated from the CHCI 3 ; CH 3 OH 
(4:6) fraction of ethyl acetate soluble part of 95% methanolic extract of aerial parts of 
Kickxia ramosissima iyidW.) Janchen syn. Imana ramosissima. The compound was 
analysed for the molecular formula C 33 H 34 O 17 , m.p. 256-257°, M^ 702. This 


compound was identified as 6-[2"-hydroxy-3 "-methyl butyl] quercetin -7-0- (2'"- 
galioyi)-P-D-glucopyranoside (I) on the basis of colour reactions, chemical 


degradation and UV, IR, ‘H NMR, ‘^C NMR and Mass spectroscopy. 



CHAPTER 3: 

ISOLATION AND STUDY OF A NOVEL FLAVONE 
GLYCOSIDE, “8-PRENYL-CHRYS0ER10L-4'-0-P-D-XYL0PYRAN0SYL- 
(l_>2)-a-L-ARABINOPYRANOSYL-(I->6)-p-D-GALACTOPYRANOSlDE” 

FROM KICKXIA RAMOSISSIMA (WALL.) JANCHEN SYN. UNARM 
RAMOSISSIMA (FAMILY -SCROPHULARIACEAE). 

This chapter of the thesis incorporates the structural determination 
of a novel flavonoid glycoside molecular formula C 37 H 46 O 19 , 308-309 , 


V 


molecular weight 794 (EIMS). This was isolated from the CHCI 3 : CHjOH (1:9) 
fractions of the extract, obtained from the chapter 2. The flavonoid glycoside II was 
characterised as “8-prenyl-chrysoeriol-4'-0-p-D-xyIopyranosyl-( 1 ->2)-a-L- 
arabinopyranosyl-(l->6)-P-D-galactopyranosidc’' (11) on the basis of colour reactions, 
chemical analysis, UV, IR, ‘H NMR, '^C NMR and Mass spectroscopy. 



SAPONIN GLYCOSIDE: “ECHINOCYSTIC ACID -3-0-p-D- 

GALACTOPYRANOSIDE” FROM THE STEMS OF ZIZIPHUS NUMMULARY 
(FAM. RHAMNACEAE). 

This chapter of thesis includes the structural elucidation of a 
triterpenoidal saponin ) analysed for molecular fomiula, C 36 H 5 SO 9 , m. p. 251- 


VI 


253° and M ' 634 (EIMS) and was extracted from the 80% ethanolic extract of stems 
of Zizlphus mimmularia. 

The structure of compound was ascertained as echinocystic acid -3- 
0-(3-D-galactopyranoside on the basis of colour reactions, chemical analysis, UV, IR, 
‘H NMR, NMR and Mass spectroscopy. 



CHAPTER 5: 

ISOLATION AND IDENTIFICATION OF A I'RTERPENOID, “3, 
21-DIHYDROXY - OLEAN - 12 - EN - 28 - OIC ACID” FROM THE AERIAL 

PARTS OF CELSIA COROMANDELIANA" 

The methanolic extract of the aerial parts of C. coromandeliana 
(Vahl.) yielded a triterpenoid, 3, 21 -dihydroxy - clean - 12 - en - 28 - oic acid. 


vu 


molecular formula C 30 H 48 O 4 , m.p. 292-293° and Nf 472 (ElMS). It was soluble in 
methanol and ethanol and responded positively to all the tests of triterpenoids. 

In this chapter, the structure of this compound is ascertained by the 
chemical and spectral techniques viz. IR, 'H NMR, '^C NMR and Mass spectroscopy. 





CHAPTER f 



INTRODUCTION 



Disease, decay, inabilities and death have always coexisted with the 
life and have made otherwise wonderful life of the man plaguing. These adversaries 
have even threatened the very existence of the life of the human race. It is therefore 
obvious for him to find the ways and means to ward off the disease .In his search of 
the substance with curative value man has made a vast progress. During this century 
chemical scientists have synthcsi.scd various potent drugs viz. antibiotics, antivirals, 
antimalarials, and sulphonamidcs which are useful in the treatment of various 
bacterial, viral and iii'olo/.oa diseases iiiul .served greatly to the inankind. 

Nevertheless, there is another side of the coin also that with the 
growth of jungle of industries for producing these drugs at the cost of balanced 
ecosystem; the man has made himself foe of environment. But the nature has its own 
ways to retaliate against this tempering with the balance of ecosystem, which has 
forced us to evolve ecofriendly system in every field and derive new means to bring 
back harmony with the nature which at tins stage, is quite a hard task. Our own 
discovery of new drugs have been found, in some cases, acting as pollutants of nature, 
and in several cases have shown immediately or experienced later in the life or much 
later through effocts on the coming generations. Thus, the ilsc o f. synthetic chcmicaks 
in every field is being discoitragcd. Plants are unique chemists, they synthesise variety 
of chemicals during their routine life reactions in order to protect themselves from the 
herbivores viz. insects, grazers and against pathogens. These chemicals can be 
subdivided into two categories as primary metabolites viz. proteins, carbohydrates, 
vitamins, etc. and secondary metabolites which are regarded as “allclochemicals”. 
Many a times these allclochemicals directly or indirectly affect human /animal health 


2 


on tlicir ingcsiion citlier due to llicir IhcriipeuUc value or toxic nature. Mo.st of the 
plains, wliich are liarmlul to man in large cjuaniilie.s, provide good medicinal producLs 
for various diseases on their use in small, and regulated quantities. 


While man has been present on this planet for nine lakh years, 
modern medieine is just lilly years old. i lad this system been essential to preserve the 
population Irom death, we would have got extinct generations ago. I'he fact is that the 
human race has survived not because of drugs but because of its rich knowledge of 
herbal medicines, gained by the experience of generations. For centuries, our 
ancestors have been using different plants and herbs for the treatment of different 
ailments. During the ancient times Aryans in our country used herbs and plants as 
medicines and the description of these plants is mentioned in the holy Vedas written 
between 4500 and 1600 BC Susrula Samhila and Charak Samhita also contain 
delailed inlbnnation on the drugs derived from the plants. 

Not only Aryans in our country but Chinese and Egyptians were 
using plants for curing various physical complications on other parts of the globe too. 
For example, in eastern Mediterranean countries the local physicians often prescribe 
the decoction of dried seeds of a local plant Ammi visanaga as a diuretic and as an 
antispasmodic in renal colic. Investigations by G.V. Andrep’ and his colleagues in 
Cairo showed the active constituents to be Khellin, which, was found to be an 
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investigated its use in hypertension and found it to have a remarkable hyner 


lypertcnsivc 


action. 


i lie knowledge oi' ancient man was based on the experiences of 
generations, often of centuries and this is up to the present day researchers to utilise 
and exploit this vast knowledge n, the benefit of present and coming generations on 
tins wonderful planet. Isolating the beneficial substances from the plant sources will 
be mote uselul than to synthesise the.se chemicals because synthetic proce.sses are 
tedious, e.xpensive, hazardous and at the same time disturbing to the balance of 
ecosystem. The synlhelie processes for which a chemist employs heal and pressure in 
a laboratory are eireeled in plants a, ordinary temperature aud pressure through Us 
rooliue life reaelious, for example, it beeanie possible to synthesise quinine alkaloid 

afler nearly 50 years of extensive work, whereas, the Cinchona plant does it without 

diificulty everyday. 

These seeonda.7 metabolites aksn work ns a chemical weapons to the 
plants against their enemies. The most conspicuous event in the history of 
angio.spcrms is the lailiirc of insects and oilier herbivores to attack Ihe plants on wide 
scale. It follows dial all the plants must be broadly repellent to animals, as food and 
toxic in widest sense, it is the selective ability of insects and grazers to overcome 
these defence meehaitisms that allows them the limited feeding that we witness today. 

I IILSC plants produce some toxic siibslanccs in lliclr regular mcUlbolism. These toxins 
ollen have the role of feeding repellents, since plants advertise their presence by a 
warning signal of visual or olfactoiy iialure. Thus, animal may be made aware ofllic 
presence of loxins even before it starts feeding. According to the theory of 
biochemical eoevolution, it should be possible to observe an evolving pattern of 
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leeding deterrents within the plant kingdom. As the angiosperms evolved, they should 
appear to have developed dillcrcnl modes of protection from animal fccditig. This is 
in tact, appaicnt il one considers the various plant deterrents and their distribution in 
ditlerent plant tamilies. Some deterrents arc highly sophisticated in their action; they 
alicct hormonal balance within tiie animal. Other deterrents are highly toxic (e.g. 
cyanogen alkaloids) and deter largely on account of their poisonous nature. Yet, other 
deterrents reduce palatability (e.g. cucurbitacins, tannins). Tree leaves and slirubs 
loim majoi bulk ol animal teed during the time ol scarcity. I'he leaves are quite 
nutritious but often their nutrients are not Hilly utilised due to the presence of some 
detrimental allelochemicals'* In turn the use of such tree leaves and bushes as 
icgular loilder results poor health perlormaiice, abnormal reproduction behaviour or 
some times instantaneous deaths. 

These secondary metabolites or better termed as allelochemicals 
which are synthesised by the plants in their regular metabolism for combating feeding 
arc mostly harmlul to man in large quantities, but provide good medicinal products 
lor curing various disca.scs on their consumption in small and regulated doses. Our 
knowledge is rich and advanced so lar as the human race is concerned but poor in 
\clciinaiy sciences. Ihe distribution as described in literature for medicinal and 
poisonous plants is coarse.’ 

A good number of plants have been adopted in pharmacopoeia after 
systematic chemical and pharmacological investigations. However, far and large 
numtioLis tue still waiting for inclusion to invigorate the indigenous system of 
medicine. In a country like ouis, this type of research has a vast scope due to her 
diversified natural wealth specilically medicinal flora. A large number of plants have 
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lountl phicc in the lilvraUire ihroujjji flic vasl experience 4 ) 1 '. saints, .sagc.s, anti .schokins 
tintl aic repoi'leti in (he ancienl nietiicai lileralurcs Majtvi'ily of plants i.s still 
wailing Ini the invesligatinns I'nr assessinenl 4)1 claims made for them. Now it is up lo 
the phytnclicmical rescai'chers to exiilnre this inllnile treasure. Due to the hcncfils 
with out side ellects, even people Iroin urban areas arc also reverting to the traditional 
.'\yur\'cilie system; this is a ver}' eneoiiragin)> sign I'or the piiytoehcmical research. 

India is facing grave scarcity of medical facilities. As population is 
inci easing unmanageably day by day, primary health care centres are becoming less 
available to a large proportion of population. As wc arc richly bestowed with diverse 
flora and fauna, this knowledge of medicinal plants can be used to cure the different 
ailments of people to serve the human race. This is research alone that can 
scicntilically justily the benefits of tlicse easily available herbal drugs, thus, enabling 
their use on a wide scale. 


In this present era, wc have made a vast progress to uncover the 
new techniques and technologies to lacilitate the ixvsearch on these herbal drugs. 
Wlren a plant is chemically treated, some physical methods including 
chi omatographic techniques arc applied lor the separation of its active constituents 
viz. paper'-^''^ column-'’'‘\ thin layer chromatography^-’'^'', GLC and MPLC. 

Among these chromatographic techniques GLC and HPLC are 


more advanced. Gas liquid chromatography or commonly called as GLC^*'-’'*’ is used 



ior the separation of comple.x mixtures, works on the principle of different migrating 
speeds of compounds in a mixture when carried along by an inert gas. A recent 
advancement of GLC is the iiigh performance liquid chromatography or popularly 
known as HPLC, in which sepai'ation is effected by the application of high pressure 
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aiul has Ivcn rcvicwvt! in Ihc scparalion til' inaiiy plant phciuhics iiy tlilTcrciK 
workers.’"-''. liFi.C finds its use in the .separation ol’ those compouncLs, which are not 
easily handled by the (ifC e.g. thcnnally labile, polymeric samples and highly polar 
coinpuuiuh; wilhon! prior derivalisalionean hr easily hamlkHl by [hr lil’fC. 

Besides these reimlar leehni(|iics there are some advanced 
techniques like Droplet Louiiter Current technique that was developed by 'rarimura 

tor the characterisation of flavonoids. It possesses greater utility in the resolution of 
glycosidic mi.\lure.''‘^ 


Spectroscopic techniques have made the task of phytochemists 
very easy as these techniques have replaced the old classical methods which were 
time consuming, tedious and required lot of quantities of compound. These include 
UV, IR, ’h NMR, '"^C NMR and mass spectra. 

DV ' spcctioscoiiy has its iinporltince in conjugalcil sy.slcms, 
particularly it has an edge in ascertaining the positions of Oil, OMc and sugars in 
molecules with c.xicnded conjugation e.g. llavonoids by the use of various shift 


reagents.* - ■ In this region the electronic structure of the molecule determines the 
spectrum ol the compound, in which on absorption of the energy, electron from the 
giound state orbital get promoted to the orbitals of the higher energy level. An UV 
spectra is a graphical representation between the wavelength or frequency of 


absorption versus the absorption intensity (absorbance or transmittance). 

1 he elcctiomagiictic radiations, which occur between visible and 
microwave region, are called infrared radiations. The useful portion for the organic 
chemist is between 4000 cm'' to 666 cm'‘. This region presents a very complex 
spectrum even for simple compounds and it gives advantage to the chemists in 
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matching of an unknown compound with that of an authentic sample. Although it is 
an iiulicalion (h L'ulirc molecule hut certain groups give rise to bands at or similar to 
the frequency irrespective of the structure of rest of the molecule, ''fhere is a great 
amount of work available on 1. R. spectrum that is published in no. of books, and 
compilations.''''''''*’^’ 

The proton magnetic spectrometry or better known as *M NMR 
spectrometry has been proved to be of great value in determining .the position, number 
and chemical environment of the proton of organic compounds, thus, facilitating the 
structural determination of unknown compounds.”"^’^ The principle of this technique 
lies in the fact that nuclei of some elements behaves just like tiny bar magnets, when 
they are placed in magnetic field, they exhibit their presence and environment by the 
way of emitting radiations in the form of signals recorded by the spectrometer. This 
technique finds its use in fixing the positions of sugars, hydroxylation, and 
prenylalion.^’'’’^''*' 

In early seventies a new technique C NMR spectrometry came 
into the notice of organic chemists to interpret the Carbon skeleton and C atoms in the 
Carbon containing functional groups. As C is magnetically active in contrast to C, 
when it is placed in mugnelic field, it emits continuous radiations that are recorded. 13 
C resonance is expressed in terms of parts per million (PPM) relative to TMS and 
occurs over the range ol'0-20() ppm. The position of signal relative to the TMS is a 
good sign to the type of C atom present in the compound. For example, the 
acetylation of a free phenolic hydroxy group produces a significant change in the 13 C 
NMR spectrum of flavonoids'’’^ and is used to ascertain the position of OH groups. 
Although the 13 C NMR data are helpful in establishing the oxygenation patterns of 
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llavcinoicis, Ihcy are mast uselul in denning sugars espeeially llavanoid C glycosides 
which are diHicuIl to be idenlilied by oilier methods/’'^ 


Mass spectrometry is primarily better than other techniques because 
it requires very minute quantity ol sample lor analysis. In a mass spectrum a series of 
signals arc displayed representing dilTcrent charged fragments, of the compound 
under analysis, produced as a result ol: electron impact within spectrometer. The 
signals arc represented according to the molecular weight for each fragment or 
through molecular weight per unit charge of the fragment, thus, enabling the 
determination of prcci.se molecular formulae for the molecular ion and all fragment 
ions. Therefore, ms not only help in determining the molecular weight but also the 
molecular lormulae ol the organic compound. There are various books and 
compilations available on this subject.’'’'^'* The fragmentation pattern of flavonoidal 
glycosides and methoxy and hydroxy llavonoids is characteristic and have been 
discussed by several workers. The loss of 15 indicates the presence of methyl group at 
6 or 8 positions of llavonoids. A peak at M’^-17 is a characteristic peak of i.soflavones, 
llavonols and llavones with 2'- hydroxylalion due to the los.s of Oil group. 
Prenylation of llavonoids adjacent to methoxy group is indicated by the appearance of 
M'*- 56 peak, whereas, loss of M''- 43 is indication of prenylation adjacent to OH 
group. 

These modern techniques are employed to isolate the biologically 
active constituents from the plants and to ascertain their chemical structure that give 
them clinical value. These biologically active compounds or better termed as 
allelochemicals have always attracted phytochemists for the study of molecular 
structure, biological function, natural distribution, biosynthesis and economic value 
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viz. pharmaceutical, fungicidal, insecticidal, antibiotic and disinfcctiou.s etc. Thc.se 
allelochemicals fall in several categories viz. alkaloids, anlhraquinone.s, Oavonoids, 


isotlavonoids, saponins, steroids, and terpenoids etc. These plant constituents differ in 
quantity as well as quality according to the seasonal changes, difference in habitat, 
nature of soil and human interference during cultivation. 

The fiavonoid pigments are one of the important members of the 
constituents of the plant, imparting colour to the plants. They are phenolic in nature 
and have common basic structure of two phenyl rings linked by three carbon atoms 
(C(,-C3-C6). Variation in the state of oxidation of central C3 fragment gives rise to 
many class of compounds like catechin, dehydrochaicone chalcone, flavone, flavonol, 
aurones, anthocyanins dihydrollavonols, isollavonols, coumestans and 
ptcrocarpcnoids etc. Their importance is due to their physical and biological activities 
and w'ork on their chemistry, occurrence, natural distribution and biological functions 
continues to be unabated. G enera lly, these colouri ng matters occur as glycosides from 
which the true colouring matter termed as aglycone is obtained by hydrolysis. 
Glycosidic variation is very large but the occurrence and distribution of free 
flavonoids have been reviewed. Distribution patterns of these compounds in 
Bryophyta, Pteridophyta, Gymnosperms and Angiosperms have been extensively , 
reviewed from time to tirne.’’'*^^’ Koike established the relationship between the 
molecular structure of flavonoids and their biological activities and showed that there 
was increase of potency with the number of Oi l groups. The effect of flavonoids on 
hypertension, diabetes, rheumatic fever, arthritis, and pregnancy has been reported.**^ 

Some of the (lavonoids and other compounds of this type have been 
recently reported in different standard works. 
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' Sophollavesccnol a novel ilavonoid IVom the ruols ol' Saphora Jhivescen.s 

1 hrcc novel compounds, hydroxyalpinumisollavone, ephedroidin and gcnistcone 
from Genisla cphecroidcs!'^' 

> i'ivc novel compounds including a noriignan named virgatyne; a tannin, virganin ; 
and three ilavonoid sulphonates, gaIangin-8-su!phonale, galangin-3-O-p-D- 
_giucoside-8-sulphonatc and kacmplci\)i-8-sulphonate.'^* 

> Diollorin, a minor Ilavonoid from the root bark of Dioclea gnmdijlora^^ 

> A new llavone di-C-glucosidc, violarvensin from Viola arvetisis!^^ 

> I'our novel minor prenylatcd ilavanones, abyssinonc-V 4'-methyI ether and 
abyssinoflavanones IV, V, VI have been reported from Eryihrina ahysxinica, 
Alrican medicinal plant. 

' A novel acylated ilavono! glycoside gallate e,stcr from Acer okamoUmmim^^ 

> A novel llavone 4'-hydroxy-3,6-dimethoxy-6", 6"-dimethyl chromeno (7,8,2", 3") 
llavoiie from C77/7/.y 

Oven dried and grounded roots and flowers of Clerodendron phlomidic (fam. 
Verbenaceae) yielded a novel llavanone, llavonodiglycosidcs, a-L- 



Rhamnopyrano.syl { 1 >2)- o.-l )-g!ucoi)yrano.syl-7-0-nariitgin d'-O-(x-l)- 
gIucopyranoside-5-methy! ether and a chalconc glycoside, 4, 2', 4'-trihydroxy-6'- 
methoxychalcone-4, 4'-a-D-diglucoside‘''’. 

V The structure of 7-Desmethylartemcin (5, 7-dihydroxy-3, 6, 3', 4'- 

tetranrethoxyflavone); a rare Ilavonoid reported from Linmophila gratissima 
(Fam. Scrophulariaceae) was revised and was found to be a mixture of two 
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llavoncs 15,7-dihydroxy-6, 8, 4'-trimethoxy llavonc (ncvadcnsin) and 5-hydroxy- 
6, 7, 4'-lrinicthoxy llavonc (salviiicnin)*^''^. 

One ortho isoinei'ic I’orins ol’ Havoncs is isoilavonoici Which is often 
referred as pliytocstrogcn'*'^ because it increases meat and milk production in animals 
and produces, “Infertility syndrome”. After the recognition of Infertility syndrome in 


.Auslralian sheep grazing on subterranean clover during 1924 Iry an isollavonoid, 
genistein'"", the chemistry of isollavonoids got much importance. A number of 
estrogenic isoflavonoids have been isolated from clover, leuceum and other 
leguminous forages. Although most of isoflavonoids were isolated from 
leguminosac, yet reports are available from other lamilies too'”^’'**^’. 

Alkaloids are another prominent class of secondary metabolites and 
are distinguished from other natural compounds by having one or more basic N 
atoms. According (o I.adcnburg alkaloids arc naturally occurring plant constituents 
(some times also IuuikI in animals) with strong physiological action, having basic 
character, and contain at least one N atom in the ring. Alkaloids occur frequently in 
flowering plants (at least one in 15 species)'”'^ These arc very active in biological 
system. Number of alkaloids are u.sed as poison and medicine viz. morphine, codein, 
papaverine and cocaine etc. 'The several novel alkaloids have been reported in 
different standard works'*’'^"'^’^. 

Another class of compounds is lactones, which are present in large 
number of organic compounds obtained from plants. Steroidal lactones arc mostly 
cardiac glycosides like digetoxigenin. Coumarins arc also lactones. These also exhibit 
varied physiological activities'^^ like photodynamism, haemorrhage, headache, etc. in 
animals particularly mammals. 




12 






■' ■ ;'v‘; M'ly/)': '' ' 



Saponins are widely distributed class in plant kingdom and have 
been found to occur in more than 500 species belonging to more than 80 different 
genera ol various laniilies'"’ . Saponins ;irc the glycosides of polycyclic aglyconc of 
eilhci C .t 7 . 2 f) stcroitls or i ui trilcipcncs and sugai’. '! hey form a molecular complex 
with cholesterol and other 3p-hydroxy steroids, which is utilised both for the 
isolatioii of saponins and lor the separation and purilicalion of 3 p-hydroxy steroid 
digitonin. 1 hese arc the substances giving soap like foam in aqueous solutions. They 
are highly toxic when injected intravenously and can produce haemolysis of red blood 
cells at high dilution. I heir toxicity is due to their activity in lowering .surface tension. 

Saponins can be classilled into two classes as triterpenoidal 
.saponins and steroidal saponins. 

Triterpenoidal saponins are widely distributed in nature having C 30 
carbon system. 1 hey occur cither as free triterpcncs or combined with sugar forming 
saponins. They can be divided into three groups according to their basic .structures: 

a. ambrein and sqalene 

b. the tetracyclic tri terpenoids 

c. the pcntacyclic triterpenoids 

First group consists ol' only two substances, ambrein which is 
tricyclic tertiary alcohol with two tiouhic bonds and sqalene which is acyclic 
compound with six double bonds. 

The second group is represented by lanosterol and euphol, includes 
methylated steroids. 

Third group is subdivided into a- amyrin group (ursolic acid group 
and a-boswellic acid group), P-amyrin group (olcanolic acid and P- boswellic acid 
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gioup), tind lupeol group (nionohydric terpene group). Some recently rcported*^^'*^^ 
members of this group are as listed below : 

^ i wo novel penlacyclic Irilerpeiioids, !(x,2<x, .3[5,24-tetrahydro.xyolcan-l2- 

cn-2S-oic iicid and l(i.2(x, 3(),24-tclrahydroxyursa-12,20(30)-dicn-28-oic acid 
were isolated from tlie llowcrs oi' GciUiana liheticaP^ 

> A new saponin, buussinogoside !■ 3-O-j[3-f)-giucopyrunosyll-20(29)-ene-30- 
norhederageniii 28-0-(p-D-glucopyranosyl) ester was isolated from the 
methanolic extracts of the tubers of Boussingaultia hascllokksP'' 

> A set of friedelanc trilerpenoids were isolated from the stem bark q[' Maylmm 
macrocarpeP'^ . 

'A Ihiee new bidesmosidic triterpine saponins, zygophyiosides I, L and M were 
isohied (rom Zyg()phyl!iiin 

A A new saponin, Lathyrus saponin was isolated from Luthyvus /oponiciis^^'^. 

> Six novel oleancne glycosides were isolated from the aerial parts of Spergularia 
rainosa whicli possess gypsogenin or quillaic acid as aglyconc''”^ 

> Two major triterpenoidal saponins, saponariosides A and B from the whole plants 
of Saponaria officinalis' 

> 'fhrec novel cycloartane type Iriterpene glycosides, brachyosides A, B and C and 
one new glycoside, cycloccphaiosidc 11 were isolated from the roots of Astragalus 
microcepluiliis.^'^^ 

Sterols are neutral and comparatively stable substances, which 
occur in free as well as in glycosidic forms and partly esterified with fatty acids, 
'fhese are regular constituents of plant fats. When they arc present as glycosides, they 
are called as steroidal saponins. Sugars are generally attached to 3- hydroxyl group in 
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ihcin. These saponii)s mostly pi>ssess spiroketa! side chain. Some of the inipoilanl 
natural saponins are amolonin, tligitonin. dioscorea, gitonin, kammonin, sapotoxin 
and sarasaponin. Several novel steroids and steroidal saponins Irave been recently 
described in various papers'''^’’ 
y Steroidal Prosapogenins Iroin Dioscorea 

> Lycoperosidcs A-C\ three Stereoisomeric 23- Acctoxyspirosoian-3P-0! p- 
Lycotetraosides from Lycopursicon e.sx'iilentnm.''^ 

> Two plant ficdysteroids, 22-epi-20-hydroxyecdysone and gerardiasterone have 
been recently isolated from Seiraiiila tinctoria L. (Compositae)^'*'^. 

'y A new Bisdesmosidic spirostanol saponin named aculeosides B was isolated from 
the underground parts of Ah«'cw.v aciilcalus'^^'. 

> A new lanostanoid and six known ergosteroids were isolated from the fruiting 
bodies of Ganoeferma applcmalum and Gemoderma neo Japonicum. 'fhe structure 
of new lanosteroid was cliaraeteri/.ed as 24-i^-niethyl-5(x-la!iosta-25-one 

Some of the other important class of plant constituents are irridoids, 
proteins, carbohydrates, essential oils, fixed oils, tannins, gum and resjns etc. 
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India i.s bestowed with the richest medicinal flora of the world and 
our loreiathers, from the very beginning of the civilisation, knew the importance of 
this natural wealth as medicines. They hud learnt from their experiences, often of 
centuries, to utilise this natural wealth to ward off their different sufferings. This 
knowledge is quite rich and has been compiled to develop the modern pharmacopoeia. 
Aflcr systematic chemical and phai'inacokigical investigations, a very large number of 
plants have been adopted in tiie pliamiacopocia, however, there is still numerous are 
waiting to be exploited by us. Phytochemistry, alone can scientifically justify the 
bene! its ol tlie.se easily available herbal tlrugs, thus, enabling their use on a wider 
scale, 'fhe relevance ol plant chemistry incrca.sc.s, as the synthetic process which we 
carry out in our laboratories, are tedious, hazardous, expensive, time consuming and 
at the same time are disturbing the balance of ecosystem of this planet. Thus, to get 
the ecosystem in order, use of synthetic chemicals in every field is being discouraged. 

For the last fifty years, some serious studies have been going on in 
the field of phytochemistry resulting in the identification of a long list of the plants, 
wltich arc associated with the medicinal properties hut still there are numerous 
w'ailing for their inclusion in this list. Althougli these plants are associated with the 
phenomenal medicinal properties, yet they arc not completely studied 


pliytochcmically. 


The author was greatly influenced by the fascinating medicinal 


values of the following three plants available in this region a.) Celsia coromandeliana 
(Vahl.) b.) Kickxia rainasLssinia (Wall.) Janchen Syn. Unarm ramosmima c.) 
Ziziplnis minimukiria and therefore, decided that it is worthwhile to carry out 
investigations on them to isolate their active con.stiluenls and elucidate their 
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structures, so that, their therapeutic values can be correlated with these active 


principles. The outcome of the research is summarised below 


1 .) ISOLATION AND STUDY OF A NOVEL ACYLATED FLAVONOL 


GLYCOSIDE; 6-[2''-HYDROXY-3"-METHYL BUTYL] QUERCETIN -7-0- (2' 


GALL0YL)-P-D-GLUC0PYRAN0S1DE” FROM KICKXIA RAMOSISSIMA 


(WALL.) JANCHEN SYN. UNARIA RAMOSISSIMA (FAMILY 


SCROPHULARIACEAE). 

A novel flavonoid glycoside was isolated from the CHC13: CH30H 
(4:6) fraction of ethyl acetate soluble part of 95% methanolic extract of aerial parts of 
Kickxia ramosissima (Wall.) Janchen syn. Unarm ramosissima. The compound was 
analysed for the molecular formula C 33 H 34 O 17 , m.p. 256-257°, M+ 702. This 
compound was identified as 6-[2"-hydroxy-3"-methyl butyl] quercetin -7-0- (2'"- 
galloyl)-P-D-glucopyranoside (I) on the basis of colour reactions, chemical 
degradation and UV, IR, 1 H NMR, 1 3C NMR and Mass spectroscopy. 
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2.) ISOLATION AND STUDY OF A NOVEL FLAVONE GLYCOSIDE, “8 


PREN YL-CHR YS0ERI0L-4'-0-P-D-XYL0PYRAN0SYL-( 1 -^2)-a-L 


ARABINOPYRANOS YL-( 1 ->6)-p-D-GALACrOPYRANOSIDE” FROM KICKXIA 


RAMOSISSIMA (WALL.) JANCHEN SYN. UNARM RAMOSISSIMA (FAMILY 


SCROPHULARIACEAE) 


This chapter of the thesis incorporates the structural determination 


molecular formula C37H46O19, m.p. 308-309' 


of a novel flavonoid glycoside 


molecular weight 794 (EIMS). This was isolated from the CHCI3: CH3OH (1:9) 


fractions of the extract, obtained from the chapter 2. The flavonoid glycoside II was 


8-prenyl-chrysoeriol-4'-0-P-D-xylopyranosyl-( I ->-2)-a-L 


characterised 


arabinopyranosyl-(l->6)-P-D-gaIactopyranoside” (II) on the basis of colour reactions, 
chemical analysis, UV, IR, 'H NMR, '^C NMR and Mass spectroscopy. 
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3.) ISOLATION AND IDENTIFICATION OF A TRITERPENOIDAL SAPONIN 


GLYCOSIDE: “ECIHNOCYSTIC ACID -3-O-p-D-GALACTOPYRANOSIDE' 


FROM THE STEMS OF ZIZIPHUS NUMMULARIA (FAM. RHAMNACEAE). 


This chapter of thesis includes the structural elucidation of a 


analysed for molecular formula, C36H58O9, m.p 251 


triterpenoidal saponin 


253°. and M+ 634 (EIMS) and was extracted from the 80% ethanolic extract of stems 


of Ziziphus nummularia 


The structure of compound was ascertained as echinocystic acid -3 


0-P-D-galactopyranoside on the basis of colour reactions, chemical analysis, UV, IR, 


IH NMR, 13C NMR and Mass spectroscopy. 


COOH 


4.) ISOLATION AND IDENTIFICATION OF A TRl'ERPENOID, “3, 21- 
DIHYDROXY - OLEAN - 12 - EN - 28 - OIC ACID” I'ROM 'FME AERIAL 
PARTS OF CELSIA COROMANDELIANA” 

The methanolic extract of the aerial parts of C. coromandeliana 
(Vahl.) yielded a triterpenoid, 3, 21 -dihydroxy - clean - 12 - en - 28 - oic acid, 
molecular formula C 30 H 48 O 4 , m.p. 292-293° and M'^ 472 (EIMS). It was soluble in 
methanol and ethanol and responded positively to all the tests of triterpenoids. 

In this chapter, the structure of this compound is ascertained by the 
chemical and spectral techniques viz. IR, 'll NMR, '^C NMR and Mass spectroscopy. 
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ISOLATION AND STUDY OF A NOVEL ACYLATED FLAVONOL 
CI.YCOSIDE; 6-|2 "-IIYDUOXY-3"-lVIETIIYL DUTYLl QUERCETIN -7-0- (2 "'- 
GALLOYL)-p-D-GLUCOPYRANOSIDE” FROM KICKXIA RAMOSISSIMA 
(WALLO JANCHEN SYN. I/Ay /?Z4 /L4M05'/S^/M4 
















Kickxia ramosLssima (wali.) Janchen syn. Linaria ramosissima belongs 
to family Scrophulariaceae, the plants of which are found abundantly in ranges, grazing 
lands and they are cultivated loo. 'flic plants of family Scrophulariaceae, which includes 
220 genera and 3000 species, are rich in various secondary metabolites often referred as 
allelochemicals viz. flavonoids', isofiavonoids, .saponins and sterols etc. These 
allelochemicals ariccl human/animal health when ingested either due to therapeutic value 
or due to toxic nature. Various genera of this family^'^ have been examined extensively 
for the presence of llavonoidal constituents such as Cclsia coramcmckliaiKi, Gnitcola 
rateola, G. officinalis, G. linifoUa, Kickxia aegyptiaca, K. lanigera, Limnophila 
graiissima, Linaria arvensis, L. dalmatica, L. gemstifolia, L.japonica, L pelisseriana, L 
purpurea, L. simplex, L. transliensis, L. venlricosa, L vulgariformis, L. vulgaris, L. 
kurdica, Siriga aspen, Siipiihia dcdphinifolia, Veronica agrelis, V. opaca, V. ceratocarpa, 
V. persica, V. filiformes, V. aulria and V. hederaefolia,. 

Kickxia ramosissima^^ occurs throughout India usually on rocky and 
stony places and hanging downwards from the cervices and fissures of walls of old 


buildings. 


The plant is a slender, glabrous, highly branched, perennial herb with 


upper alternate, lower opposite, petioiate, variable, round, ovate or hastate leaves along 
with solitary and axillary yellow flowers". 

The plant is vernacularly known as Bhintgalodi or Kanodi and is useful 
as a treatment for hyperglycaemia*^ 

The various genera of Kickxia have been investigated for their various 
constituents. Alkaloid peganine (vascine) was found in L. dalmatica, L. genistifolia, L. 
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purpurea aiui L. veiilrieosa. (I.) ■ pcganiijc was iHolatcd from L. (Jalmatica'\ 
Oxodeoxypeganine, oxopeganine and an alkaloid were obtained from Kickxia 
transliensis, gathered in the stage of full blooming''*. Flavonoids have also been reported 
(roin (his genus, ’fhe whole plant of A'. lanifiera was found to be source of two flavonc.s, 
5,6,7- trinielhoxy flavonc and 5,6,7,4’-tctramcthoxy flavonc'^ Unarm kurdica was 
investigated for the presence of acetyl pectolinarin, pectolinaringenin, linaroside and 
acacetin derivatives"’. K. aegypHaca afforded four flavonoids namely pectolinaringenin, 
its 7-0-robinoside and 7-0-rutinoside along with 4"'- acetate derivative of 
pectolinaringenin-7-O-rutinoside'’. Three irridolinarins A, B and C; irridoid esters of 
irridoid glycoside were isolated from L. japonica'^. Six Linaria sps have been examined 
for the presence of eleven irridoids. Eight out of these eleven irridoids were novel 
compound'^. In the year 1995 four Bulgarian scientists^" reported the irridoid 
composition of three Kickxia sps namely K. elalina, K. spuria and K. commuta. This 
study resulted in the isolation of two novel irridoid glycosides named as 5-0- 
menthiafoioyl kickxioside and its dimer kickxin as main components. 

Therefore, in hope of the exploration of some compounds, which can 
define its medicinal properties, the author decided to undertake the detailed and 
systematic phylochcmical v,indy oi' Kickxia ramosissima. 

ISOLATION OF THE FLA VONOID GLYCOSIDE: 

Air-dried and finely powdered aerial parts (3.0 kg) of Kickxia 


Wp 


ramosissima were soxhlct extracted with 95% methanol. The extract was concentrated 
under reduced pressure to get a dark brown viscous mass, which was dissolved in cold 
water. The solution in water was partitioned with n hexane, benzene, chloroform and 
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ethyl acctafc. 'Fhc n hexane, hen/,ene and chloroform extracts were very small in quantity, 
thus, they could not be studied. 

STUDY OF ETHYL ACETATE SOLUBLE FRACTION: 

The ethyl acetate soluble part was concentrated under reduced pressure 
to obtain a dark brown viscous material and subjected to column chromatography over a 
Si gel column. The column was eluted with ('i K'li: Cl !_i()1 1 vvilh increasing polarity. The 
CHCI 3 : CH 3 OH (4:6) part gave a homogeneous compound, which, on crystallisation with 
methanol yielded a yellow coloured micro-crystalline, powdered compound AFG 1. It 
responded to all the tests of Iluvonoids^'’^^. 

STUDY OF THE FLAVONOID GLYCOSIDE (AFG 1): 

The AFG 1 was analysed for mol. formula C 33 H 340 I 7 , m.p. 256-57° and 
M^'= 702. It reacted positively with all the tests of flavonoids. 

UV spectrum'^ of the FLAVONOID G LYCOSl DE (AFG 1 ): 

The recorded signals of the maximum absorbance, found in various 
solvents are given below: 

(nni) 257, 267(sh), 368 

^MeOH +NaOMe^^_^ 293, 362 and 452 (dec.) 

^Mcou+Aici^_^^^^^ (nm) 263(sh), 273, 338 and 453 

^MCOH+AICM-MCI^^^^^^ 268, 302(sh), 365 and 422(dec.) 

^Meou+NaOAc^^^^ (nm) 258, 379 and 430(sh) (dec.) 

INFRA-RED SPECTRUM OF THE COMPOUND AFG 1: 


The IR spectrum of the compound AFG 1 showed some 



help ol available lilcrature^^’^'*. 'Fhese signals along with their structural 
assignments are given in the Table 1 (Fig 1). 


I’Aitij': I 


S.NO. 

Peaks (cm"') 

Structural A.ssignmcnts 

i. 

3400 

1 lydroxyl group 

2. 

2915 

CH stretching 

3. 

1715 

C = 0 group of ester 

4. 

1668, 1648 

C = 0 stretching 

5. 

1605, 1510 

Aromatic nature 

6. 

1380, 1370 

Gem dimediyl group 

7. 

1280 

C-O-C stretching 

8. 

1220 

C-O-C bending 

9. 

1148 

C-0 stretching 

10. 

823 

Tayo adjacent H in benzene 


PRESENCE OF HYDROXYL GROUP (s): 

In the IR spectrum of the AFG 1, a peak at 3400 cm*' suggested the 
presence of hydroxyl group(s) in the compound. The number of -OH groups were 
determined by the pcracctylation of this compound with sodium acetate and acetic 
anliydride, which yielded an acetylated product AFG lac, which was analysed for 
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C 55 H 56 O 28 and m.p. 246-48°. By Wisenbcrgcr method^^ (acetyi group percentage = 
40.02%) eleven -OH groups were found in the compound. 


Therefore, eleven out of seventeen oxygen atoms were present as 
hydroxyl groups in the compound AFG 1 . 

ALKALINE HYDROLYSIS WITH SODIUM METHOXIDE: 

In the ill NMR spectrum of the compound AFG lac, a downficld 
chemical shift at 8 5.10 was an indication of the acylation in the glycosidc^^’. Therefore, 
the glycoside was subjected to the alkaline hydrolysis with sodium methoxide^’. The 
reaction mixture was neutralised with dil. AcOll. On TLC examination, two spots were 
shown in the solution. Then reaction mixture was concentrated under vacuum when it 
gave a syrupy mass, which was partitioned with solvent ether into ether soluble fraction 
ESC and an ether insoluble fraction AFG 2. 

STUDY OF ETHER SOLUBLE FRACTION (ESC): 

The solvent was removed under reduced pressure to yield a mass, 
which was found homogeneous by the TLC examination (Pet. ether-benzene-acetic acid 
4:4:2). 

The homogeneous mass was crystallised as colourless crystals and was 
analysed for molecular formula CgHgOs, m.p. 260-261° and 1 84 (EIMS). 

IR SPECTRUM OF THE COMPOUND: 

The peaks obtained in the IR spectrum of the compound ESC and the 
structural units inferred with the help ol' available literature ’ arc given in the Table 2 
(Fig2). 
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TABLE 2 


S. No. 

Wave No. cm"' 

Assignment 

1. 

3475 

-OH group 

2. 

2910 

C-H stretching 

3. 

2805 

-OCH3 group 

4. 

1705 

C=0 group of ester 

5. 

1605, 1505 

Aromatic ring system 

6.. 

1205 

C-O-C bending vibration 


A peak at 3475 cm"' in the IR spectrum of the compound ESC 
suggested the presence of free -Oil group(s). On acetylation (Ac20/pyr.), compound 


ESC formed acetate with molecular formula ChHwOs. On estimation of acetyl groups, 3 


-OH groups (acetyl group percentage = 40.89 %) were found to be present in the 


compound. 


By the Co TLC and comparison of the IR and 'H NMR spectra, the 


compound ESC was identified as methyl ester of gallic acid (I). 



'H NMR SPECTRUM OF THE ACETYLATED DERIVATIVE COMPOUND 
ESC: 

The 'li NMR spectrum of the acetylated derivative of the compound 
ESC showed some significant peaks, which were inferred with the help of available 
literature^** and are given in the Table 3 (Fig 3). 
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N MICRONS 






TABLE 3 



S.No. 

5 

Value 

No. of 

protons 

Pattern 

J value (Hz.) 

Assignments 

1. 

7.12 

2 

s 

- 

H-2"" and 






H-6"" 

2. 

3.85 

3 

s 


-OCH 3 

3, 

2.28 

6 


* 

3"" and 5"" 






-OAc 

4. 

2.46 

3 

s 

- 

4"" -OAc 


STUDY OF ETHER INSOLUBLE FRACTION (AFG 2); 

The ether insoluble part was concentrated under reduced pressure to get 
a residue, which was found to be homogeneous on TLC examination and responded 
positively to the characteristic colour reactions of flavonoidal glycoside. The residue on 
crystallisation with acetone yielded a yellowish amorphous substance AFG 2. 

The compound AFG 2 was analysed for molecular formula, C 26 H 30 O 13 , 
m.p. 267-69° and 550 (EIMS). 
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DECOUPLE POWER 










IJV SPRCrRlJM^'^ OF I'lIF COMPOUND AVG 2: 

'Fhe UV spectrum of the compound AFG 2, showed following 
wavelength of maximum absorption recorded in various solvents: 


^ McOII 
^ max 

(nm) 

258, 270(.sh), 370 

McOl I +NaOMc 

^ DKIX 

(nm) 

290, 365 and 455 (dec.) 

A MeOH + AlCl 
^ 3 max. 

(nm) 

263(sh), 274, 340 and 456 

- 5 ^ McOM+ AID +nc\ 

A 3 max. 

(nm) 

269, 304(sh), 367 and 421 (dec.) 

A McOU -FNaOAc 

A max. 

(nm) 

257, 379 and 430(sh) (dec.) 


IR SPECTRUM OF THE COMPOUND AFG 2: 

In the IR spectrum of the compound AFG 2, some important signals were 
observed. These peaks helped in inferring some important structural units with the 
help of available literalure'^*’"^’ and are given in the Table 4 (Fig 4). 

TABLE 4 


S.NO. 

Peaks (cm’’) 

Structural Assignments 

1. 

3405 

Hydroxyl group 

2. 

2915 

CH stretching 

3. 

1665, 1646 

C = 0 stretching 

4. 

1605, 1510 

Aromatic nature 

5. 

1382, 1372 

Gem dimethyl group 

6. 

1280 

C-0‘C stretching 

7. 

1220 

C-O-C bending 

8. 

1152 

C-0 stretching 

9. 

825 

Two adjacent H in benzene 




41 









PRESENCE OF HYDROXYL GROUP (s): 

The presence of hydroxyl group(s) in the compound was evident from a 
peak in tlic IR spectrum at 3405 cm *. The acetylation of the compound with 
Na()Ac/Aci() yielded an jieetylaled derivative Al‘(i 2ac, which analysed for the 
molecular lormula C<i4ll4s022, m.p. 258-59°. The percentage of acetyl groups (acetyl 
group % = 42.15%) in the compound was determined by the Wisenberger method^®, 
which accounted lor the nine -OH groups in the compound. Thus, the existence of nine 
out of thirteen oxygen atoms as -Oil groups was established in the compound AFG 2. 

1 lie exact structure of navonoidal glycoside was determined by its 
acidic hydrolysis into aglyconc and sugar, which were studied separately for structural 
elucidation. 

ACID HYDROLYSIS OF THE FLAVONOIDAL GLYCOSIDE AFG 2: 

The compound AFG 2 was hydrolysed with 7% ethanolic sulphuric 
acid, which after filtration gave an aglyconc. The hydrolysate was kepi for the study of 
sugar. 

STUDY OF AGLYCONE AFG 3: 

AFG 3 was analysed for the molecular formula C 20 H 20 O 8 , m.p. 278-79° 
and = 388 (EIMS). Aglycone AFG 3 gave all the colour reactions of flavonoids^^. 


UV SPECTRUM OF AGLYCONE AFG 3 : 


In the UV spectrum of the compound AFG 3, some characteristic 
signals with various shift reagents were observed, which are given as below: 
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McOli 


(nm) 256, 268(sh), 300(sh) and 365 


max 


McOlI-tNaOMc 


McOIl I AlCi niC'l 


(nm) 264, 302(sh), 360 and 4 1 8 


McOlHNiiOAc 


max. 


IR SPECTRUM OF THE AGLYCONE AFG 3 


The aglycone AFG 3 showed important peaks in its IR 


spectrum. These peaks were found helpful in inferring important structural units 


whh the help of available literature' 


The signals and their associated structural 


units arc given in the 'Fable 5 (Fig 5) 


TABLE 5 


Structural Assignments 


Hydroxyl group 


CH stretching 


C = 0 stretching 


Aromatic nature 


Gem dimethyl group 


C-O-C stretching 


C-O-C bending 


C-0 stretching 


Two adjacent H in benzene 
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iLENGTH IN MOONS 













PRESENCE OF HYDROXYL GROUPS: 

The aglycone showed an IR peak at 3405 cm’', which indicated the 
presence of hydroxyl group(s) in it. The number of hydroxyl groups were estimated by 
the acetylation ol the compound with NaOAc/AcaO that gave an acclylatcd derivative 
Al'Xi 3ac, which analysed for the molecular Ibrmula fuOi,, and m.p. 270-71° Six - 
Oil groups were found in Ihc compound by the Wisenberger method dc.scribcd by the 
nelcher and ( iodberl' (acetyl }’roups % - ■ 39.82%). 'fbus. (he presence of six out of eight 
oxygen atoms, as Ol 1 groups was determined in the compound AlXl 3. 

THE POSITION OF -Oil GROUPS: 

The positions of the -OH groups in the aglycone AFG 3 were 
determined by various shifts in the UV spectrum, ’ll & ’^C NMR, and mass spectral data. 
HYDROXYL GROUP AT POSITION C-3 IN THE AGLYCONE : 

A 53 nm bathochromic shift in the UV spectrum of the compound AFG 
3, suggested the presence of a -OH group at position C-3^^ This was further 
coiToborated by the mass spectral data of the compound AFG 3. Appearance of a M'*’-18 
peak in the mass spectrum of the compound was a good indication of the flavonol type of 
nucleus'^’’. Fragmentation pattern involved the pathway II, characteristic of flavonols, 
which is evident by the emergence of peaks at m/z 153 and 137. 

HYDROXYL GROUPS AT C-5 AND C-7 IN THE AGLYCONE : 

In the UV spectrum of the aglycone a bathochromic shift of 53 nm in 
band 1 in presence of AlClj/liCl indicated a free 5-OH group in the flavonoid^^. On 
addition of NaOMe, appearance of a new band at 325 nm pointed towards the presence of 
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-OH group at C-7, which was further confirmed by the bathochromic shift of 15 nm in 
the band II on adding NaOAc^^. 

HYDROXYL GROUPS AT C-3' & C-4' POSITIONS : 

In (lie I IV speclnim ol'cnnipmimi Al'O .1, a .second peak at 267(.sh) nin 
suggested the presence of 3', 4' - diOH system^^ In the ‘l-I NMR spectrum, signals at 6 
6.80 (III, d, J = 8.5 IIz., 1 1-5') 7.40 (HI, dd, J = 2.2 & 8.5 Hz, H-6') and 7.52 (HI, d, J = 
2.2, 1 1-2') were identical to those of disubstituted B ring protons of a quercetin unit^^. 
PRESENCE OF 2"-IIYDROXY-3"-METHYL BUTYL MOIETY: 

In the IR spectrum of compound AFG 3, peaks at 1 372 and 

1382 cm"' indicated the presence of gem dimethyl group in it^^ 

3'his was confirmed by the mass spectrum of the compound, and the ’H 
NMR spectrum of the compound AFG 3, which was almost similar to that of quercetin 
with an exception due to the presence of 2"-hydroxy-3"-methyl butyl moiety [5 1.63, d, 
3H, H-5"; 1.69, d, 3H, H-4"; 3.10, m, 2H, H-1"; 4.23, m, IH, H-2" and 3.90, m, IH, H- 

2»j.'*4.38-4{) 

POSITION OF HYDROXY PRENYL SUBSTITUENT: 

In the above discussion it has been proved that no position in ring B 
and C is unoccupied, therefore, the point of attachment of hydroxy prenyl chain can only 
be on ring A. A singlet at 5 6.70 (IH, s) was due to the proton of position 8 of ring A'**. 
Therefore, in ring A also, the positions at 5,7 and 8 were occupied and only position 
remain vacant was at C-6, thus, it could be the point of attachment of hydroxy prenyl 
chain in the compound, 'fhe location of hydroxy prenyl substituent at C - 6 of aglycone 
AFG 3 was also assigned by the comparison of '^C NMR chemical shift of C - 6 and C - 
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8 (107.3 and 94.3 respectively) with those for quercetin and 6 or 8 substituted 5,7 - 
dihydroxy flavones This also suggested the trisubstituted nature of ring A and 

confirmed the position of hydroxy prenyl substituent at C - 6 . 

Ihu.s, in light ol the above discussioius, the following structure can be 
assigned to the aglycone AFG 3 




’h nmr spectrum of the hexa acetyl derivative of the 

ACl.YCONE: 

71ie above structure was found to be in full accordance with the 'H 
NMR spectrum of the hexa acetyl derivative of the aglycone AFG 3. The important 
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signals rccufclecl in (he 1 1 NMii spectrum uf the aglycoiic ami the structural units inrerred 


with the help of available literature' 


arc given below in the Table 6 (Fig 6) 


ASSIGN Ml ‘NTS 





OF SWEEP 







■M 


•"c NMR SPECTRUM OF AGLYCONE AFG 3: 

The C NMR spectrum ol the compound AFG 3 showed some significant peaks, which 
helped in the assignment of the C skeleton of the molecule. The NMR spectral data 
and the positions assigned to the C atoms with the help of available litcrature^^’”'*^ are 
given in the following Table 7. 

TABLE 7 


S. NO. 

5 

VALUE 

PATTERN 

ASSIGNMENTS 

1. 

158.6 

s 

C-2 

2. 

135.6 

s 

C-3 

3. 

179.0 

s 

C-4 

4. 

162.5 

s 

C-5 

5. 

107.3 

s 

C-6 

6. 

163.6 

s 

C-7 

7. 

94.3 

d 

C-8 

8. 

158.8 

s 

C-9 

9. 

105.3 

s 

C-10 

10. 

123.0 

. s 

c-r 

11, 

116.8 

d 

C-2' 

12. 

146.3 

s . 

G-3' 

13. 

148.6 

s 

C-4' 

14. 

115.5 

■ : d " ■■■ ■ 

C-5' 


I 




■ 


I 



15. 

123.0 

d 

C-6' 

16. 

30.9 

t 

C-1" 

17. 

77.5 

d 

C-2" 

18. 

30.1 

d 

C-3" 

19. 

25.1 

ft 

C-4’' 

20. 

18.5 

q 

C-5" 


MASS SPECTRUM"*^ OF THE AGLYCONE AFG 3: 

The mass spectra of the compound AFG 3 was in full accordance with 
the structure assigned to the aglycone AFG 3. The different species obtained during the 
fragmentation of the molecule are shown in the scheme I. The different m/z values 
obtained in the spectra arc given below: 

M'‘ = 388 andm/z= 370,355, 315,314,301,272, 153, 137, 135 and 125. 

STUDY OF SUGAR: 

After separating the aglycone, the aq. hydrolysate obtained after acid 
hydrolysis of AFG 2, was neutralised with barium carbonate and barium sulphate formed 
was separated by nitration, 'fhe filtrate on concentration gave a golden yellow mass that 
was found to be D-glucose by Co-PC with authentic substance. 

RATIO OF AGLYCONE AND D-GLUCOSE IN THE GLYCOSIDE AFG 2: 

The ratio of aglycone and D-glucosc was found 1 :1 by the study of '^C 
NMR and 'H NMR spectral data. 


49 





LINKAGE OF D-GLUCOSE WITH AGLYCONE 


Glycoside AI'G 2 was subjected to permelliylatioii Ibllowcd by 
hydrolysis to form 2,3,4,6-lctra-O-mclhyl-D-glucose (Co PC and Co TLC), which 
showed that D-glucosc was attached through its position 1 to the aglyconc. This was 


again confirmed by the anomeric proton peak at 6 5.51 in the IH NMR spectrum' 


NATURE OF THE D-GLUCOSE 


llic lormation of 2,3,4,6-tctra-O-mcthyl-D-gIiicose because of 
permethylation ol compound AFG 2 also suggested the pyranose form of D-glucose. 
NATURE OF THE GLYCOSIDIC LINKAGE: 


When the glycoside AFG 2 was hydrolysed by enzyme almond- 
emulsin^^ it yielded D-glucose (confirmed by Co PC and Co TLC). This was a clear 
indication of p glycosidic linkage between D-glucose and aglycone. 


ATTACHMENT OF D-GLUCOSE TO AGLYCONE 


The point of attachment of D-glucose, with aglycone was ascertained 
by comparison of UV spectral data of aglycone with that of glycoside AFG 2 and was 
found to be at position 7 in the glycoside AI-G 2 on the basis of the following facts: 
a). In the aglyconc AFG 3, on addition of NaOMe, appearance of a new peak at 325 nm 
was an indication of the presence of a free 7-OH group which was absent in tire glycoside 

nr 

AFG 2 . This clearly indicated towards the absence of free 7-OH group in the glycoside 


b). On addition of NaOAc, a bathochromic shift of 15 nm in the UV spectrum of the 


aglycone AFG 3 was another proof of the presence of 7-OH group in the aglycone. The 
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absence of this shift in the glycoside AFG 2, was also pointing towards the 7-0- 
glycosidic linkage 

Ihercloiv, (ho D-j’hieoso was allached lo (he agjyconc at po.silion 7, 
which was also confirmed by the comparison of the IJV spectrum of the aglycone and 
glycoside AFG 2, which gave no indication of the presence of free 7-OH group in the 
glycoside. 

Therefore, in light of the above discussed facts, the structure of the 
glycoside AFG 2 can be given as 6- [2"-hydroxy-3 "-methyl butyl] quercetin-7-O-p-D- 
glucopyranoside, which was assigned as follows: 


O 


o\t 

'OH 

This structure of compound AFG 2 was further supported by the *H NMR spectrum of its 
nonaacetyl derivative and the NMR and mass spectral data of the compound. 
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14. 

2.24 

s 

- 

3 

O 

> 

o 

15. 

5.53 

dt 

7 

1 

Anomeric 






proton of sugar 

16. 

4.31-4.82 

in 

- 

6 

l*rotons of sugar 

17. 

2.50 

s 

- 

3 

6'"-OAc 

18. 

2.03 

s 

- 

3 

4"'-OAc 

19. 

2.13 

s 

- 

3 

3"'-OAc 

20. 

2.08 

s 

- 

3 

0 
< 

O 

1 

ea 


NMR SPECTRUM OF COMPOUND AFG 2: 

I'hc ’ '^C NMR spectrum of compound AFG 2 showed some important 
peaks, which were utilised to interpret the positions of various C atoms with the help of 
available literaturc^''’'^^ These signals along with structural units inferred are given below 
in the 'fable 9. 

TABLE 9 

S. No. § pattern Carbon no. 


VALUE 



OF SWEEP 



y3i3tA10yi03dS aiAJIMZHIAl 09 09£-|AI3 
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MASS SPECTRUM^^ OF THE GLYCOSIDE AFG 2: 

The mass spectra of the glycoside showed some remarkable species in 
its fragmentation pattern, which were found to be in complete accord with its proposed 
structure. The different species obtained in its spectra are given as below: 

[M+] =550 and other signals at m/z388, 370 [388-18], 355, 315, 314, 301, 272, 153, 137, 
135 and 125. 

ACID HYDROLYSIS OF GI.YCOSIDE AFG 1 : 

The compound AFG 1, on acid hydrolysis with 22% methanolic 
sulphuric acid yielded a ppt that was separated by filtration. The aqueous hydrolysate was 
worked up separately for the identification of sugars. 

STUDY OF THE PRECIPITATE: 

Two compounds were shown by the TLC examination, therefore, the 
ppt. was subjected to column chromatography over Si gel column. The column was 
eluted with chlorolbrm and methanol in various proportions. 




STUDY OF CHLOROFORM : METHANOL 8:2 FRACTIONS: 

'file Rl' value ol' eluales collected from chloroform; methanol (8:2), 
were same and therefore, mixed. On removal of the solvent, a yellowish mass was 
obtained which was found homogeneous on TLC examination. (CHCl.-?: MeOH 7:3). On 
crystallisation with acetone, this mass gave a yellowish microcrystallinc powder. This 
was analy.scd for molecular formula Choi LoOx, m.p. 278-79° and M' 388 (hlMS) and 
responded positively to the colour reactions of flavonoids. It was found identical with the 
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ct)nipoui>cl AI'CJ 3 (by Co aiKi C'o 1 IX.') foraicd by tlic acid hydro!y.sis oi’compuund AI'Cl 
2 . 

STUDY OF THE CHLOROFORM: METHANOL (7:3) FRACTIONS: 

1 he eluates from chloroform: methanol (7:3), were of similar Rf value, 
llicrcfore, mixed. On leinoviiti', Ihe solvcnl, a lioinuj'.eitcuu.s coinpouiul (by I IX') wa.s 
obtained alter cryslalli.sntion vvitli Mc( )i I, whieh was identical witli the gallic acid (by Co 
PC and Co TLC with authentic sample), m.p. 264-265°. 

As far as point of attachment of methyl gallate to the compound was 
concerned, two possibilities may be possible. 

1 . Either the methyl gallate might be attached with the aglycone AFG 3 unit. 

2. Or it might be attached w'ith the sugar unit. 

Since al! the -Oil groups in the compound Ab’Cl 1 were free except the 
7-OH group, which wa.s involved in the glycosidic linkage, therefore, the only possibility 
left was that the gallic acid was attached to the glucose unit. In the 'll NMR spectrum of 

I , , 

the glycoside AFG 1, a downfield chemical .shift at 5 5.10 was an indication of acylation 
in the D-glucose uniC^’. 

fX'', 

POSITION OF AHACHMENT OF GALLIC ACID UNIT TO THE D- 
GLUCOSE: 

The attachment of C-T" of glucose with C-7 of aglycone has already ■ 

been discussed. To establi.sh the position of attachment of gallic acid to the glucose unit, 
the glycoside AFG 1 was pcrmethylatcd^’, followed by acid hydrolysis to yield 2,4,6-tri - 
0-methyl D-glucose (identiried by Co PC and Co TLC). 'fhis indicated that C-2" of 
glucose moiety was involved in the acylation. 
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Further, the attachment of gallic acid with C-2"' of glucose was proved 
by the 'H NMR spectrum of the acetylated derivative of the acylated glycoside (AFG 1). 
In the 'H NN4R spectrum, the chemical shifts at 5 5.5!(cl, III and J = 7 Hz, anomcric 
proton of glucose) and '6 5.10 (HI, dd, J - 7.7 llz,., C-2"' proton of sugar) confirmed the 
acylation at C-2". 

Keeping all these facts in consideration, the structure of acylated 
glycoside (AFG 1) can be given as “■ 6-[2"-hydroxy-3"-melhyi butyl] quercetin -7-0- 

(2"'-galloyl)-P-D-glucopyrano.sidc” as given below. 

CHaPW 
H 



'fhis structure was further supported by the 'll NMR, '■'C NMR and mass spectral data. 

'H NMR SPECTRUM OF UNDECAACETATE OF ACYLATED GLYCOSIDE 


AFG 1: 

The chemical shifts obtained in the 'H NMR spectrum and the 
structural units inferred with the help of literature^ arc given below in the Table 10 
(Fig 8). 
















■ 




m' 
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TABLE 10 


S. NO. 

6 VAIAIE 

NO. OK 

I’ROTONS 

PA'n'EBN 

.} VALLE 

(HZ.) 

A.SSKiNM- 

ENl' 

1. 

7.52 

1 

d 

2.2 

11-2' 

2. 

7.40 

1 

del 

2,2 & 8.5 

1 1-6' 

3. 

6.80 

1 

d 

8.5 

H-5' 

4. 

6.70 

1 

s 

- 

11-8 

5. 

2.47 

3 

s 


5-OAc 

6. 

2.41 

3 

s 

" 

3-OAc 

7. 

2.40 

3 

s 

- 

3'-OAc 

8. 

2.35 

3 

s 

- 

4'-OAc 

9. 

4.23 

1 

m 

- 

H-2" 

10. 

3.90 

1 

m 

- 

H-3" 

1 !. 

3.10 

2 

m 


H-1" 

12. 

1.69 

3 

d 

- 

M-4" 

13. 

1.63 

3 

d 

- 

H-5" 

14. 

2.23 

3 

d 

- 

3''-OAc 

15. 

5.51 

1 

d 

7.0 ■ 

Anomeric 

proton of 

sugar. 

16. 

5.10 

1 

dd 

7.7 ■ 

C-2'" 

17. 

4.30-4.84 

5 

m 

- 

Protons of 
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6"'-0Ac 


3'"-0Ac 


Gallov!, 


H-2'"'and 


H-6''" 


Gailoyl, 


4”''-0Ac 


3''''anci 5'"' 


13 C NMR SPECTRUM OF THE COMPOUND AEG 1: 

The signals obtained in the 13 C NMR spectrum of the compound AFG 
1 were utilised to interpret the C skeleton of the compound with the help of literature and 


are given below in the Table 1 1 . 


TABLE 11 


S. NO. 


6 VALUE 


PATTERN 


ASSIGNMENT 


178.7 










■4(S»tU#r. 



OF SWEEP 



DECOUPLE POWER 






107.5 


158.6 


105.4 


116.4 


145.8 


148.2 


115.6 


122.9 


104.5 


C-1"' 


C-2'" 


C-3"' 


C-4'" 


G-5''' 


26. 


62.5 


t 


C-6'" 


27. 

121.1 

s 

C-1"" 

28. 

110.7 

d 

C-2""&C-6' 

29. 

146.5 

s 

C-3""&C-5 

30. 

140.1 

s 

1 

u 

31. 

168.4 

s' 

C-1"" 


MASS SFFXTRUM'^'' OF TI!E GLYCOSIDE AFG 1: 

In the electron impact mas.s .spectrum of the acylated glycoside AFG 1, 
various fragment peaks were obtained, which are as given below: 

M+ = 702, m/z 577, 550.388, 370,355. 315,314.301,272, 153, 137, 135 and 125. 

The scheme HI shows various species assigned to fragments, which, 
confirmed the structure of the compound AFG 1 as: “ 6-[2''-hydroxy-3 "-methyl butyl] 
quercetin -7-0- (2"'-galloyl)-P-D-glucopyranoside”. 







EXPERIMENTAL 


EXTRACTION OF THE ACYLATED FLAVONOID GLYCOSIDE (AFG): 

The aerial parts of the Kickxia ramosissima (3.0 Kg.) were collected 
from the adjoining regions and were authenticated by the Botany Department of this 
college. This plant inaierial was air tlried, llnely powdered iind soxhlcl extracted with 
95% methanol. The methanol extract was concentrated and dissolved in cold water. The 
aq. solution was then successively partitioned with n hexane, benzene, chloroform and 
ethyl acetate. The ethyl acetate soluble pail (500 ml.) was concentrated under reduced 
pressure to get a brown viscous mass, which was subjected to column chromatography 
over a Si gel column (5 x 90 cm). The column was eluted with CHCI3: CH3OH with 
increasing polarity. The CHC13'. CH3OH (4:6) part was homogeneous on TLC 
examination. The solvent was concentrated under reduced pressure and the residue was 
crystallised with methanol to get the compound AFG 1 (2.05 g.). 

COLUMN CHROMATOGRAPHY: 

Ivcngth of the column 
Diameter of the column 
Weight of the Silica gel 
Weight of the crude product 
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90 cm. 
5.0 cm. 
150 g. 
4.12 g. 


TABLE 12 


S.No. 

Fraction no. 

Eluant collected 

50 ml. each 

Remarks 

1 . 

1-8 

CHCb; CIbOll 9:1 

Sticky mass 

2 . 

9-16 

CHCb: CI-bOH 6:4 

Not remarkable 

3. 

17-24 

CllCb: Cl-bOI-I 5:5 

mixture 

4. 

25-32 

CHCb: CFbOH 4:6 

Single spot (AFG 1) 

5. 

33-40 

CFICb: CH 3 OH 3: 7 

mixture 

6 . 

40-41 

CFICb: CH 3 OH 1:9 

Single spot (will be 




studied in Ch. 3) 


STUDY OF THE COMPOUND AFG 1: 

The yellow coloured microcrystalline powdered compound AFG Iwas 
soluble in ethyl acetate and acetone but insoluble in petroleum clher and bcn/.cnc. It 
analysed for molecular formula Ci.iTI.mOi?, m.p. 256-57°, molecular weight 702 (EIMS). 


ELEMENTAL ANALYSIS: 
Found 
C = 56.44% 

H = 4.86% 

Molecular weight = 702[EIMS] 
Molecular formula = C 33 Fl 340 i 7 . 


Calculated 

56.41% 

4.84% 
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ACETYLATION OF THE COMEOUNI) AEG 1 : 

Compound AFG 1 (100 mg.), fused sodium acetate (800 mg.) and 
acetic anhydride (5 ml.) were taken in a flask fitted with air condenser, and heated on a 
oil bath at 130° for 6 hours. The reaction mixture was poured in cold water after cooling. 
A thick white ppt. was obtained, which was extracted with solvent ether. The ethereal 
layer was washed with water and sodium bicarbonate solution. Finally the ethereal layer 
was dried over anhydrous sodium sulphate and the ether was evaporated. The residue was 
crystallised from methanol as white needles (60 mg.), analysed for C55FI56O28, ni.p. 246- 
48°, M' 1164. 

ELEMENTAL ANALYSIS: 

Found Calculated 

C = 56.66% 56.70% 

H= 4.81% 4.81% 

Molecular weight =1164 [EIMS] Molecular formula = C55H56O28 

Acetyl group percentage = 40.02% 

ALKALINE HYDROLYSIS OF GLYCOSIDE AFG 1 : 

The glycoside AFG 1(1.2 g.) was hydrolysed by taking it in methanol 
in a 250 ml. round bottomed flask, and reacted with calculated amount of 2% sodium 
methoxide solution (20 ml.) and kept overnight. The reaction mixture was neutralised 
with acetic acid. After removal of the solvent, it gave a syrupy mass, which was 
partitioned with dry ether into ether soluble and ether insoluble fractions. 
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STUDY OF THE ETHER SOLUBLE PART ESC: 


On evaporation of solvent under reduced pressure, a homogeneous 
mass was obtained which on crystallisation from methanol afforded colourless crystalline 
compound (130 mg.), analysed for molecular formula CsHsOs, m.p. 260-261° and lyf*" 
184 (121MS). 

ELEMENTAL ANALYSIS: 

Found Calculated 

C = 52.48% 52.17% 

H= 4.28% 4.35% 

Molecular weight = 1 84 [ElMS] Molecular formula = CsHaOs 

ACETYLATION OF THE ESC: 

'I'lie compound ESC was acetylated in the same manner as described 

for the AFG 1. 

ELEMENTAL ANALYSIS: 


Found Calculated 

C = 54.55% 54.19% 


1 1 - 4.37% 4.52% 

Molecular weight = 310 [EIMS ] Molecular formula = C 14 II 14 O 8 

Acetyl group % = 40.89 %) 

STUDY OF ETFIER INSOLUBLE PART AFG 2: 

The removal of solvent from ether insoluble fraction under reduced 
pressure yielded a yellowish amorphous substance (1.05 g.), which on crystallisation 
from acetone: MeOfl (1:1) gave a microcrystaHinc compound. It analysed for C 26 H 30 O 13 , 
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m.p 


.p. 267-69° , M l- 550. It gave a pesilivc Moliscli’s tc.st and responded positively with 


FcCl.vlcst. 

ELEMENTAL ANALYSIS: 

Found 
C = 56.77% 

H= 5.43% 

Molecular weight = 550 [EIMS] 

ACETYLATION OF THE AFG 2: 

The compound AFG 2 was acetylated in the same manner as described 

for the AFG 1 . 


Calculated 

56.73% 

5.45% 

Molecular formula = C 26 H 30 O 13 


Calculated 

56.90% 

5.17% 

Molecular formula = C 44 H 48 O 22 


ELEMENTAL ANALYSIS: 

I'ound 
C - 56.86% 

FI= 5.19% 

Molecular weight = 928 [ElMSj 
Acetyl group % = 42.15 % 

ACID HYDROLYSIS OF THE GLYCOSIDE AFG 2: 

The 750 mg. of compound was refluxed with 7% alcoholic H 2 SO 4 on a 
water bath for eight hours. After adding 50 ml. of water to the reaction mixture, the 
alcohol was removed by distilling under reduced pressure, when it yielded aglycone as a 
ppt. that was removed by filtration, 'fhc hydrolysate was neutralised with BaC 03 and was 
filtered to remove BaS 04 . The nitrate was concentrated under reduced pressure to a 
golden yellow mass that was examined by Co PC with authentic sample using n-Butanol. 
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acetic acid: water (4:1 :5) as a solvent system and aniline hydrogen phthalate as a spraying 
reagent. This investigation proved the presence of D-glucose (Rf. value 0.20). 


STUDY OF ACLYCONE AFG 3: 

The aglyconc AFG 3 was a yellowish microcrystalline powder (500 

mg.) with m.p. 278-79° and analysed for molecular formula CioFUoOs^ 


FXEMENTAL ANALYSIS OF COMPOUND AFC 3: 
Found 
C = 61.89% 

FI= 5.14% 

Molecular weight = 388 [ElMS] 


Calculated 

61.86% 

5.16% 

Molecular formula = CaoHioOg 


ACETYLATION OF THE AFG 3: 

The compound AFG 3 was acetylated in the same manner as described 

for the AFG 1. 


ELEMENTAL ANALYSIS: 
Found 
C = 60.08% 

11 = 5.02% 

Molecular weight = 640 [EIMS] 
Acetyl group % = 39.82% 


Calculated 

60.0% 

5.0% 

Molecular formula = C 32 H 32 O 14 


SCHINODA TEST: 

Few ci7stals of the compound were dissolved in the 2 drops of EtOH 

mid 10 this sohilion. Mg powder wi.s .nlded followed by the addition of 5 M HCl. On 

viewing against a white background, red colour appeared. 


1= 

i 

J 

:| 
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STUDY OF SUGAR HYDROLYSATE: 

I'hc sugar hydrolysate obtained ■ after the acid hydrolysis was 
neutralised with barium carbonate and the ppt. of Barium sulphate obtained was filtered 
off The filtrate alter concentration under vacuum gave a golden yellow mass, which was 
examined on PC (Rf. 0.20) [n-BuOH: AcOH Water]. This study showed only one spot 
that was developed into brownish coloured spot by spraying it with aniline hydrogen 
phthalate. This compound was identified as D-glucose that was confirmed by the Co PC 
with authentic sample. 

PERMETHYLATION OF THE AFG 2: 

The glycoside AFG 2 (50 mg.), Mel (5.0 ml.), silver oxide (150 mg.) 
and dimethyl formamide were taken at room temperature in a conical flask. After filtering 
the reaction mixture, residue was washed with dimethyl formamide. The filtrate was 
conccniralcd under reduced presstire lo gel a residue, which was dissolved in mclhanol. A 
.syrupy mass was oblained on further removal of solvent, which was hydrolysed with 22% 
II2SO4. The aq. hydrolysate obtained after filtration was neutralised with barium 
carbonate and barium sulphate formed was filtered off. The filtrate after concentration 
was subjected to Co PC, using n- BuOH: AcOH: Water (4:1 :5, v/v) as solvent system and 
aniline hydrogen phthalate as visualising agent (Rf. 0.62). 

The method was repeated in a similar manner with acylated glycoside 

(AFG 1). 

ACIDIC HYDROLYSIS OF THE GLYCOSIDE AFGl: 

The glycoside (500 mg.) was dissolved in 25 ml. of methanol and 1 00 
ml . of 22% H2SO4 was added to it. The reaction mixture was refluxed on a water bath for 
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4 hours, then cooled. The solvent was removed by concentration under reduced pressure, 
to obtain a crystalline ppt. 

This ppt was examined on TLC using Si gel plates and chloroform: 
methanol (8:2) as solvent system. The plates were developed by 10% II 2 SO 4 , as 
visualising agent, to show the two spots (Rf value 0.52 and 0.74). 

COLUMN CHROMATOGRAPHY OF THE RESIDUE: 


Weight of the compound 

Length of the column 

Diameter of the column 

Weight of the Si gel 

TABLE 13 


300mg 

90 cm. 

3.0 cm. 

130 mg. 

S. No. Fraction No. 

Eluant 

TLC 

Remark 

(Vol of each 50 




ml.) 




T no 

CHCl3:CH30H 

Nil 

Sticky mass 


(9:1) 



2 . 11-26 

CHCl3:CM301I 

Single spot 

Aglycone 


(8:2) 


AFGl 

3. 27-40 

CHCl 3 :CH 30 H 

Single spot 

Gallic acid 


(7:3) 



4 . 41-65 

CHCl3:GH30H 

Nil 

Nil 


(5:5) 
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STUDY OF CHLOROFORM: METHANOL (8:2): 

The fractions 11-26 showed single spot on TLC examination and so 
combined. After evaporating the solvent, the residue was crystallised with acetone to get 
a yellowish microcrystalline powder (AFG 3, 150 mg.) m.p. 278-79° and was analysed 
for molecular formula C2()ll2()08-> M 388. I his compound has already been discussed in 
detail. 

STUDY OF CHLOROFORM: METHANOL (7:3): 

■ ^ 

The fractions 27-40 were of same Rf value and so combined. After 
evaporation of the solvent, it yielded a colourless crystalline compound, m.p. 264-265°. 

By CO TLC with authentic sample, it was found identical with gallic acid, using n BuOH: 

0 

formic acid: Water (4: 1 :5) as solvent system on Si gel plates. (Rf. value 0.71). 


70 


REFERENCES 

1. Tomas-Barberan, R. J., Phytochemistry, 27(8), 2631, 1988. 

2. Bellini, R., AikiH t/i Ihtlanica, 6, 131, 1907. 

3. Borodin, L.I., Litivinenko, V.I. and Kurinnya, N. V., Khini Prir. Soedin, 5, 437, 

1 969. 

4. Grayer - Barkmeijer, R.J. ; Biochem. Syst., 1, 101, 1973. 

5. ■ Grayer- Barkmeijer, R..T. ; Biochem. SysL Ecol. 6, 11, 1978. 

6. Grayer - Barkmeijer, R..T. ; Chemosystematic investigation in Veronica L. 
(Scrophulariaceae) and related genera, Diss. Uni. London, 1979. 

7. Kooimam, R., Acta Botanica Neilandica, 19, 329, 1970. 

8. Krislma, S. and Ramachandran Nayar, A. G., Indian J. Chemistry, 38(B), 1009-1010, 
1999. 

9. Litivinenko, V.I. Borodin, L.I., and Kurinnya, N. V., Khim. Prir. Soedin, 5, 328, 
1969. 

10. Oomachan, M., “Flora of Bhopal” Publ. Jain Brothers Bhopal, 273, 1977. 

1 1 . Kirtikar, K. R. and Basu, B. D., “Indian Medicinal Plants”, Lalit Mohan Publication, 
Allahabad,Vol.III, 183, 1933. 

12. Chopra, R. N., Nayar, S. L. and Chopra, I. C., “Glossary of Indian Medicinal Plants 
Pubic. S.I. R.N. Delhi, 147, 1956. 

13. Groeger, D. and Johne, S., P/an/a Mer/., 13(2), 182-188, 1965. 

14. Plekhanova, N. V. and Shcvcleva, G. P., 54-56, 1965. 

15. Pillar, M., P/zy/octem, 12(12), 3014-3015, 1973. 


71 




16. Smirnova, L. P., Boi 7 aey, K. L., Ban’ Kaiskii, A. I., Khim. Prir. Soedin, 10(1), 96-97, 
1974. 

17. Kasscm Fahima. F.. Alexandria J. Pharni. Sci., 6(1), 62-65, 1992. 

18. Olsuka, 11.,./. Nat. Prod, 53(3), 357-362, 1994. 

19. Ilieva, E., Hancijicva N., Bankova, V., Popov, S. and Evastatieva, L., Bulg. Chem. 
Comniun., 25(3), 400-406, 1992. 

20. Hancijicva N., Tersicva, L., Popov, S. and Evastatieva, L., Phytochemistry, 39(4), 
925-927, 1995. 

21. Geissmann, T. A. in ‘Modern Methods of Plant Analysis’ Eds. Paech, K. and Tracey, 
M. V., Springer -Veiiag, Berlin, 466-474, 1955. 

22. Shinoda, J., J. Pharm. Soc. Japan, 48, 214, 1928. 

23. Nigam, S. S. and Saxena, V. K., ‘Spectroscopy : Applications to Organic Chemistry’ 
Dastane Ram Chandra & Co., Poona, 1981. 

24. Bellami, L. J., ‘The Infra-red Spectra of Complex Molecules’ find ed., John Wiley & 
Sons Inc., New York, 1958. 

25. Belcher, R. and Godbert, A. L., ‘Semi Micro Quantitative Organic Chemistry’ 

Longmann Green & Co., New York, 1954. 

26. Kim, H. J., Woo, E. R., Shin, C. G. and Park, H.,./. Nat. Prod, 61(1), 145-148, 1998. 

27. Saxena, V. K. and Bhadoria, B. K., ./. Nat. Prod., 53(1), 62, 1 990. 

28. Hattori, M., Shu, Y. Z., Tomimori, '1'., Kobashi, K. and Namba, I ., Phytochemldry, 

28 (4), 1289, 1989. 

29. Markham, R. R-, ‘Techniques of Flavonoid Identification’, Academic Press, London, 
1982. 


72 


30. Nakanishi, K., ‘Infra-red Absorption Spectroscopy-Practical, Holden-Day Inc., San 
I'rancisco, 1962. 

31. Dyer, .1. R., ‘Application of Absorption Spectroscopy of Organic Compounds’, Vth 
ed., Printice Hall of India Pvt. Ltd., New Delhi, 1 984. 

32. Mabry, T. J., Markham, K. R. and Thomas, M. B., ‘The Systematic Identification of 
Flavonoids’ Springer - Vciiag, New York, 1 970. 

33. I liguchi, R. ami Donnelly, D. M. X., Pliylacficmi.stry, 17, 787, 1978. 

34. Silverstcin, R. M., Bassler, C. G. and Morril, T. C., ‘Spectrometric Identification of 
Organic Compounds’ .lohn Wiley & Sons, Inc., New York, 1981. 

35. Marldiam, K. R., ‘Techniques of Flavonoid Identification’, Academic Press, London, 
Ch. 3, 36-51, 1982. 

36. Marldiam, K. R., ‘Techniques of Flavonoid Identification’, Academic Press, London, 
Ch. 6, 88-89, 1982. 

37. Saxena, V. K. and Bhadoria, B. K., Phytochemistry, 29(12), 3921-3922, 1990. 

38. Bhallacharyn, Majctich, G.. Jankins, 'I'.M. and Almeida, R.N, ./. Not. Prod. 61, 
413,(1998). 

39. Pistelli, L., Bertoli, A., Giachi, J. and Manunta, A. J. Hat. Prod. 61(11), 1404, (1998). 

40. Woo, E.R., Kwak, J.H., Kim, H.J. and Park, H. J. Nat. Prod. 61(12), 1552, (1998). 

41. Markham, K. R., ‘Teclmiques of Flavonoid Identification’ Acad. Press London, Ch. 

6, 11, m2. 

42. Markham, K. R., ‘Techniques of Flavonoid Identification’, Academic Press, London, 
Ch. 6,78, 1982. 



73 


43. Markham, K. R., ‘Techniques of Flavonoid Identification’, Academic Press, London, 


Ch. 6, 86, 1982. 

44. Markham, K. R. and Mabry, T. J., in ‘The Flavonoid’, Eds. Harborne, J. B., Mabry, 
T. J. and Mabry, IT, Chapman & Hall, London, 1975. 

45. Mabry, T. .1. and Ulubclan, A., in ‘Biochemical Applications of Mass Spectrometery’ 
Eds. Waller, G. R. and Dcrmcr, O. C., John Wiley & wSons Inc., New York, 1133, 
1980. 


CHAPTER 111 



ISOLATION AND STUDY OF A NOVEL FLAVONE GLYCOSIDE, “8-PRENYL- 
CTTRYS0RRT0T/-4'-0-fI-D-XYrv0PYRAN0RYI>- (1 -)‘2)-a-L- 
ARABINOPYRANOSYL- (l->6)-p-D-GALACT0PYRAN0SlDE FROM KICKXIA 
RAMOSISSIMA (WALL.) .lANCFIEN SYN. LIN ARIA RAMOSISSIMA (FAMILY- 
SCROPHULARIACEAE)”. 


rhc detailed deseription of the plant Klckxia ramosissima has been 
given in the Chapter 2 of this thesis. 

ISOLATION OF THE FLAVONOID GLYCOSIDE: 

Air-dried and finely powdered aerial parts (3.0 kg.) of Kickxia 
ramosissima were soxhlet extracted with 95% methanol. The extract was concentrated 
under reduced pressure to get a dark brown viscous mass, which was di.ssolved in cold 
water. The solution in water was partitioned witli n hexane, benzene, chloroform and 
ethyl acetate. The n hexane, benzene and chloroform extracts were veiy small in quantity, 
thus, they could not be studied. 

STUDY OF ETHYL ACETATE SOLUBLE-FRACTION: . ' . 

The ethyl acetate soluble part was concentrated under reduced pressure 
to obtain a dark brown viscous material and subjected to column chromatography over Si 
gel. The column was eluted with CHCI 3 ; CH 3 OH with increasing polarity. The CHCI 3 : 
CH 3 OH (4:6) part gave a homogeneous compound, AFG 1 j which was discussed in the 
Chapter 2 of this thesis. The CITCI 3 ; CII 3 OH (1:9) part also .showed a single spot on TLC 
examination. Thus, CHCb: CFTOH (1:9) part was concentrated and crystallised with 
methanol to yield a yellow coloured micro-crystalline powdered compound FG 1. It 
responded to all the tests of llavonoids ’ . - 

STUDY OF THE FL AVONOIDS GLYCOSIDE (FG 1 ): 

The FG 1 was analysed for mol. formula C 37 FI 46 O 19 , m.p. 308-09°and 
794. It responded positively with all the tests of flavonoids. Ip the UV spectrum of 
the compound FG 1, peaks at 268 and 342 nm, corroborated the presence of flavorioidal 
nucleus^. 
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UV SJM'XrrRlIM ' OF 'nii: KLAVONOIl) (,’LYCX)SII)JC (F(; 1): 

The recorded signals of the maximum absorbance, found in various 
solvents, in the UV spectrum of the compound FG 1, are given below: 


McOll 
- max 

(nm) 

24.T 246 (sh), 268, 290 (sh) and 342 

McOn iNnOMc 
' max 

(nm) 

270, 320 and 365. 

MeOH + AlCl 
- 3 max. 

(nm) 

260, 278, 294, 361 and 386. 

McOM+ AlCl +\\a 
' 3 max, 

(nm) 

258, 278, 291 (sh), 346 and 382(sh). 

McOn iNaOAc 
- max. 

(nm) 

272, 319 and 359. 

McOIi+Na()Ac/n BO 
^ 3 3m 

ax. (nm) 

268 and 340. 


INFRA-RED SPECTRUM OF THE COMPOUND FG 1 : 

Some characteristic peaks emerged in the IR spectrum of the 
compound FG 1 which helped in interpreting the important structural units with the help 
of available literature''’^ arc given below in the Table 1 (Fig 1). 

lABI.E 1 




■ 


r* 

I 




C-0 stretching 


Two adjacent H in benzene 


PRESENCE OF HYDROXYL GROUP (s) 


I’he presence of hydroxyl group(s) in the compound was established 
due to a peak at 3425 cm'’ in the iR spectrum of the FG 1. The peracetylation of this 
compound with sodium acetate and acetic anhydride to yield an acetylated product FG 
lac, which was analysed for C57Mfio029 1214 and m.p 327-28°, helped in determining 
the number of -OFI groups. Ten-OFI groups were found in the compound by the 
Wisenberger method as described by the Belcher and Godbert (acetyl group percentage 


Therefore, the nature of ten out of nineteen oxygen atoms was 


established as hydroxyl group in the compound FG 1 


PRESENCE OF METHOXYL GROUP(s) 


The IR spectrum of the compound, FG 1, exhibited a peak at V max 

2820 cm’’, which was a clear indication of the presence of-OCH 3 group(s). The presence 

8 

of one methoxyl group was determined by the ZeiscFs method . 

PRESENCE OF SU(JAR(s): 

d'hc compound FG 1 showed positive Molisch s test, which suggested 

the glycosidic nature of the compound. 

Thus, a tentative structure of the compound I’G 1 can be given as 


below 





loOH 

I--OCH3 


ACID HYDROLYSIS OF THE FLAVONOIDAL GLYCOSIDE FG 1: 

The compound FG 1 was hydrolysed with 7% ethanolic sulphuric acid, 
which after filtration gave an aglycone. 1 he hydrolysate was kept for the study of sugar. 
STUDY OF AGLYCONE FG 2: 

The aglycone FG 2 was analysed for the molecular formula C 21 H 20 O 6 , 
m.p. 290-92° and = 368 (FJMS). Aglycone FG 2 gave all the colour reactions of 
flavonoids. 

UV SPECTRUM OF AGLYCONE FG 2: 

'fhc IJV*^ spectrum of the compound f'G 2 showed some characteristic 

signals with various shift reagents and are given as below. 

(nm) 241, 251(sh), 269 and 346. 

^McOH+NaOMc_^^^ 264 , 278 (sh), 328 (sh) and 402. 

263, 274, 295, 364 (sh), and 391. 

258, 274, 293, 352 and 388. 

^MoOH+NaOAc_^^^^ (niu) 269, 322 and 394. 

j^MeOH+NaOAc/H^^^^ 
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V/AVELENGTH 





IR SPFXTRUM OF THE AGLYCONE FG 2: 

In the IR spectrum of the aglycone FG 2, some characteristic peaks 
were recorded, which were utilised in interpreting various slruclura! units present in the 
compound with the help of available literature'"’". The signals and their associated 
structural units are given in the Table 2 (Fig 2). 

r A bit: 2 


S.NO. 

Pcillcs (ciu") 

Structural A.ssignnicnts 

1. 

3428 

Hydroxyl group 

2. 

2980 

CH stretching 

3. 

2825 

-OCH 3 

4. 

1668, 1642 

C = 0 stretching 

5. 

1610,1500 

Aromatic nature 

6. 

1386, 1374 

Gem dimethyl group 

7. 

1282 

C-O-C stretching 

8. 

1226 

C-O-C bending 

9. 

1149 

C -0 stretching 

10 

821 

Two adjacent H in benzene 

PRESENCE OF HYDROXYL GROUPS: 



The IR spectrum of the aglycone recorded a peak at 3428 cm which 
was due to the presence of hydroxyl group(s) in it. On acetylation of the compound with 
NaOAc/AczO, it gave an acctylatcd derivative FG 2ac, which analysed for the molecular 
formula C 27 H 26 O 9 , M"494 and ni.p. 285-86°. By applying the method of Wisenberger, 
described by the Belcher and Godbert on the compound FG 2ac, three -OH groups were 
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found to be present in the compound, (acetyl group percentage = 25.19%). Thus, the 
presence of three out of six oxygen atoms, as -Oil groups was determined in the 
compound l‘Ci 2. 

TUK POSITION OK -on (nU)llPS: 

The various shifts in the UV spectaim and the 'H & '^C NMR, and 
mass spectral data helped in ascertaining the positions of the -OH groups in tire aglycone 


FG 2. 


HYDROXYL GROUP AT C-4' POSITIONS: 

In the UV spectrum of the compound, on adding NaOMe a stable 
bathochromic shift of 56 nm without decrease in intensity, was an evidence of the 
presence ol a i grou]'> at ( -'V position in the ling IT . 

HYDROXYL GROUPS AT C-5 AND C-7 IN THE AGLYCONE: 

A bathochromic shift of 42 nm in band I in presence of AICI3/HCI m 
the UV spectrum of the aglycone was due to the presence of a free 5-OH group in the 
llavonoid'^. On adding NaOAc, a bathochromic shift of 28 nm in the band II suggested 
the presence of a -01 1 group at C-7, which was further corroborated by the appearance of 
a new band at 328 nm on adding NaOMe‘1 

PRESENCE OF METHOXYL GROUP: 

A peak at 2825 cm'' in the IR spectrum of the aglycone FG 2, 

suggested the presence of-OCIL group(s) in the compound. By the Zciscl’s method of 
methoxyl group estimation, the presence of one methoxyl groups was confirmed in the 

compound. 


I 


1ft ; 


• 1 




■I 
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POSITION OF METIIOXYL CROUP: 

Two singlcls al 66.26 and 66.4H accounting lor one proton each in the 
'll NMR spectrum of the triacetylated derivative of the aglyconc were due to the protons 
at and H-6’^. Again the IH NMR spectrum of the FG 2 was similar to that of the 
disubstituted B ring protons of the chrysoeriol [57.82, IH, d, J = 1.5 Hz., 6.82, IFI, 
d, J = 8.5 Hz., I-I-5'; 7.49, IH, dd, 1.5 & 8.5 Hz., H-6']^''®. Thus, from the above 
discussion it is evident that only positions left vacant for the attachment of the methoxyi 
group in this compound are either at C-8 in the ring A or at C-3' in the ring B. As UV 
spectrum of the compound, FG 2 was almost similar to that of the chrysoeriol, thus, the 
position of the methoxyi group was assigned at C-3'. A sharp singlet at 5 3.88 integrating 
for 3 protons was a confirmation of the presence of the one -OCH3 group at position 3' 
of the ring B'^. 

Due to the above discussion, a tentative structure of the compound FG 
2 was assigned as below: 



PRESENCE OF PRENYL CHAIN: 

% 

The IR spectrum of the compound FG 2, showed peaks at 1374 

IS 

and 1386 cm’ V’which were due to the presence of gem dimethyl group . 
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In the electron impact mass spectrum of the compound FG 2, the 
fragment ion peaks at m/z 312 and m//, 313 were due to the loss of M-55 and M-56, 
which were indicaling towards the prcnylation adjacent to -Oil group. This was further 
confirmed by the ’H NMR spectrum of the compound FG 2, which was almost similar to 
that of chrysoeriol with an exception due to the presence of 3, 3-dimethyl allyl group [S 
3.42, d, 2H, 6.3 Hz. H-l"; 5.21, t, IH, J= 6.0 Hz., H-2"; 1.66, s, 3H, H-4" and 1.79, s, 3H, 
1-1-5"]''’''". 

POSITION OF PRENYL SUBSTITUENT: 

From the above discussion, it is evident that only position left for the 

attachment for the prenyl unit is at C-8. It was confirmed by the ‘H NMR spectrum of the 
compound FG 2, which exhibited a singlet at 5 6. 48(1 H), assigned to H-6 of the ring 
A'^. This proved the tri substituted nature of the ring A and confirmed the attachment of 
3, 3- dimethyl allyl unit at C-8. The location of prenyl unit at C-8 was undoubtedly 
determined by the comparison of 13C NMR chemical shifts of C-6 and C-8 [97.1(d) & 
105.3 (s) respectively] of the 6 or 8 substituted 5, 7- dihydroxy flavones" 

Thus, in light of the above discussions, the following structure can be 

assigned to the aglycone FG 2 
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I 


‘11 nmr sricci rum ok rsiic kri ackiyu dkrivativic of tiik 

AGLYCONE: 

The above structure was found to be in full accordance with the 'H 
NMR spectrum of the tri acetyl derivative of the aglycone FG 2. The important signals 
recorded in the ‘l-l NMR spectrum of the aglycone and the structural units inferred with 
the help of available literature^’ are given below in the Table 3 (Fig 3). 

TABLE 3 


S.NO. 

6 

PATTERN 

J VALUE 

NO. OF 

ASSIGNMENTS 


VALUE 


IN HZ. 

PROTONS 


1. 

6.26 

s 

- 

1 

H-3 

2. 

6.48 

s 

- 

1 

H-6 

3. 

7.82 

d 

1.5 

1 

H-2' 

4. 

6.82 

d 

8.5 

1 

H-5' 

5. 

7.49 

dd 

1.5 & 8.5 

1 

H-6' 

6. 

3.42 

d 

6.3 

2 

FI-1" 

5. 

5.21 

t 

6.0 

1 

H-2" 

6. 

1.66 

s 

- 

3 

H-4" 

7. 

1.79 

s 


3 

H-5" 

8. 

3.88 

s 

- 

3 

3'-0CH3 

9. 

2.49 

s 

- 

3 

5-OAc 

10. 

2.42 

s 

- 

3 

7-OAc 

11. 

2.32 

s ^ 

- 

3 

4'-OAc 
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'^C NMR SPECTRUM OF AGLYCONE FG 2: 


In the '^C NMR spectrum of the compound FG 2, some important 
peaks were observed, which were helphil in the assignment of the C skeleton ot the 
molecule. The ’^C NMR spectral data and the positions assigned to the C atoms with the 
help oFavailablc literature' arc given in the following Table 4. 

TABLE 4 


S. NO. 

b 

VALUE 

PA’l'TI'RN 

ASSIGNMENTS 

1. 

164.9 

s 

C-2 

2. 

103.7 

cl 

(’-3 

3. 

182.6 

s 

C-4 

4. 

159.7 

s 

O 

! 

CO 

5. 

97.1 

d 

C-6 

6. 

158.4 

s 

C-7 

7. 

105.3 

s 

C-8 

8. 

156.8 

s 

C-9 

9. 

104.6 

s 

C-10 

10. 

121.2 

s 

c-r 

11. 

112.4 

d 

c-2' 

12. 

148.4 . 


C-3' 

13. 

153.3 

. S 

C-4' 

14. 

112.9 

d 

C-5' 



k 


15. 

119.8 

d 

C- 6 ' 

16. 

61.7 

q 

-OCH 3 

17. 

22.3 

t 

C-1" 

18. 

123.6 

d 

0 

1 

19. 

131.4 

s 

C-3" 

20. 

25.9 

q 

C-4" 

21. 

17.1 

q 

C-5" 


MASS SPECTRUM^'* OF THE AGLYCONE FG 2: 

The structure assigned to the aglycone FG 2The mass spectra of the 

compound FG 2 was in full accordance with. The different species obtained during the 
fragmentation of the molecule are shown in the scheme I. The different m/z values 
obtained in the spectra are given below: 

M" = 368 and m/z = 353, 340, 313, 312, 299, 165, 164, 148, 137 and 136. 


STUDY OF SUGAR: 

After acid hydrolysis of flavonoid glycoside, the aq. hydrolysate 
obtained after separating the aglycone, was neutralised with barium carbonate and the 
barium sulphate formed was separated by filtration. The filtrate on concentration gave a 
yellowish viscous mass, which reduced Fehling’s solution and gave colour with aniline 
hydrogen phthalate. This yellowish viscous ma.ss was subjected to paper cliromatography 
using aniline hydrogen phthalate as spraying reagent. As a result of this analysis, the 
presence of D- galactose, D- xylose and L- arabinose was established (confirmed by the 
Co-PC and Co-TLC with authentic samples). ^ ^ ^ 
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RATIO OF AOFYCONF, AND D-C AFAC TOSF, IN THE (:i,YC’OSIl)E FO 1 


The ratio of O-galaclose, D-xylosc and I. -arabino.se was found 1:1:1 by 


the study of '^C NMR and 'll NMR spectral data. Thus, by these spectral data, it was 
established that one molecule of glycoside was made of one molecule of aglycone and 
one molecule each ol f)-galactose, D-xylosc and L-arabinosc. 

POSITION OF GLYCOSIDIC LINKAGE IN THE AGLYCONE: 

The position of glycosidic linkrgs aglycone was ascertained by the 
comparison of UV spectral data of aglycone with that of glycoside FG 1 and was 
assigned on position 4' in the B ring of the glycoside FG 1 on the basis of the following 


facts: 

The sugars could be linked to the aglycone through the 5-011 or 7-011 
positions in the ring A or tkough the 4' -OH group in the ring B (as it is a - 0 -glycoside 


evident from its acid hydrolysis). 

I'he glycoside FG 1 when reacted with FeCh, gave an intense green 
colour pointing towsirds the presence o f ortho hydroxy carbonyl grouping in the molecule 


of the glycoside due to a free 5 -OH group"’. Further on addition of AICI 3 /HCI. in the 
UV spectrum of the glycoside FG 1, a +40 nm bathochroraic shift appeared, which was 


due to llic presence of a free 5 011 


sToun. 


thus, .simucsling tlic presence ol 


..ni 1 


group in the glycoside. 

In the UV spcctnini of the glycoside I■C1 I, a biilhochromic shill at 29 
nm was attributable to the presence of a free 7 -Oi l group. Further appearance of a new 
band at 320 nm, on addition of NaOMe was anotlier evidence of the presence of a free 7 

-OH group. 
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'I'hc aglyconc I'Ci 2, on acklilion of NaOMe showed a stable +56 nm 
bathochromic shift without decrease in intensity, which was due to the presence of a 4' - 
OH group in free state. This shift was absent in the glycoside, FG 1, which was a 
confirmation of the glycosidic linkage at this site. Thus, the sugars are attached to the 
aglycone in the trisaccharide form through the 4' position, as it is the only site available 
for the glycosylation. Therefore, all the sugars are attached to this position. 

SEQUENCE OF SUGARS IN THE FLAVONOID GLYCOSIDE FG 1: 

The compound FG 1 was hydrolysed with Killiani’s mixture^^ at room 
temperature, which liberated first D-xylose, followed by L- arabinose and then D- 
galactose, therefore it proved that D-xylose was terminal sugar and D-galactose was 
linked to the aglycone. On column chromatography of contents over Si gel, using 
methanol as eluant, a mixture of three proaglycones was obtained. 

1. FG-PAi [Molecular formula C27H300 11) M'^530(EIMS)]. 

2. FG-PA2 [Molecular formula C32FI38O15, M' 662 (EIMS)] 

3. FG-PA.i [Molecular formula 03711/16019, M"^ 794 (EIMS)]. 

STUDY OF PROAGLYCONE FG -PAi: 

Tlie proaglycone {FG -PAi) was hydrolysed with 7% sulphuric acid, 

when it yielded aglycone and D-galactose (confirmed by Co-PC and Co TLC). The 

aglycone was identified by mmp. Co-PC and Co-TLC. 

This proaglycoiie was hydrolysed by enzyme cmulsin to yield D- 

galactose and aglycone. therefore, the D-galactose was linked to the aglycone by the p 
linkage. 
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PERMETHYLATION AND HYDROLYSIS OF FG-PAi: 

27 

The proaglycone FG-PAi was permethylated by the method of Kliun , 
followed by hydrolysis, to give 2, 3, 4, 6-tctra-O-mcthyl -D-galactose (identified by Co- 
PC and Co-TLC) , thus, exhibiting that C-1 of the D- galactose was linked to the 4' of the 
aglycone. It also suggested that D-galactose was present in the pyranose form. Therefore, 


FG-PAi was assigned the structure as given below: 



STUDY OF THE PROAGLYCONE FG -PA2: 

d’he FG-PA 2 on acid hydrolysis with 7% sulphuric acid yielded 

aglycone, D-galnclosc and 1 .-ambinosc (eonUrnicd by the Co PC and ( o I I-C). 
PERMETHYLATION AND HYDROLYSIS OF FG-PA2: 


The 1'G-PA2 was pcrmcthylalcd by (he Khan’s pi 


•(iccdurc followed by 


hydrolysis to yield 2, 3, 4-tri-O-melhyl-D-galactosc and 2, 3, 4 -tri-O-methyl-L-arabinose 

(identified by Co-PC and Co- 1 LC.). 

'Fhus, it suggested that L- arabinosc was linked to the D-galactosc by 

(1 -> 6) linkage. It was also an indication of the fact that both the sugars were present in 

the pyranose form. Thus, FG -PA2 was assigned the structure as given below; 
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STUDY OF THE PROACLYCONE FC-PA 3 : 

FG-PA 3 on hydrolysing in the same manner as described for the FG- 

PAi and FG-PA 2 , yielded the aglycone FG 2 (confirmed by the mmp, Co-TLC and Co- 
PC) and sugars, D-galactose, L-arabinose and D-xylose (confirmed by the Co-PC and 

Co-TLC). 

PERMETHYLATION AND HYDROLYSIS OF THE FG-PA 3 : 

On permcthylation followed by the hydrolysis, FG-PA 3 yielded 2, 3, 4- 
tri-O-methyl -D-galactose, 3 , 4 -di-O-methyl-L-arabinose and 2, 3, 4-tri-O-methyl-D- 
xylose. Thus, clearly suggesting that D-xylose be linked to L-arabinose via. (1-^2) 

linkage and indicated that these all sugars were present in the pyranose form. 

NATURE OF THE GLYCOSTDIC ITNKAGE: 

28 

The glycoside FG 1 was first hydrolysed by enzyme almond emulsin , 
when it yielded aglycone FG 2 (confirmed by mmp, Co-PC and Co-TLC), terminal sugar 
D-xylose and a disaccharido unit (identified by Co-PC and Co-TLC). TOs was a dear 
indication of [5 glyoosidic linkage between D-xylose and disaccharide unit and also 
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between aglycone and disaccharide. The hydrolysed product having disaccharide unit 
was further hydrolysed by the enzyme takadiastase. It liberated the D-galactose and L- 
arabinosc, llni.s, .suggesting (he presence oF a a linkage between L-arabinosc and D- 
galactose. 

'I'lu'ivroie, in !i!',!il oF (lie iilxive (liseii.'ificd Fuel.'i. (lie 'linieivire n! (h 
glycoside FG 1 can be given as 8-prenyl-chrysoeriol-4'-0-P-D-xylopyranosyl-(l->2)-a' 
L-arabinopyranosyl-(l->6)-p-D-galactopyranoside, which was assigned as follows: 


The Hi NMR spectrum of its dccaacctyl derivative and the 13C NMR 
and mass spectral data of the compound further supported this structure ol tire compound 
FG 1 . 

NMR SPECTRUM OF DECA ACETATE OF GLYCOSIDE FG 1: 

The chemical shifts obtained in the ‘H NMR spectrum and the 
structural units inferred with the help of literature^^’^® are given below in the Table 5 (Fig 


S.NO. 


6 VALUE 


TABLE 5 


NO. OF PATTERN J VALUE ASSIGNVT 


PROTONS 


(IIZ.) 




I 


I 




2.2 & 8.5 


3' -OCH3 


5-OAc 


7-0 Ac 


K 


H 


'Xm. 


13. 


4.74 


d 


7.2 


1'” anomeric 


proton 

14. 4.85 1 d 5.2 1"" 

anomeric 

proton 

15. 4.92 1 d 7.2 1'"" 

anomeric 

proton 

16. 3.28-4.68 16 ra - Protons of 

sugar 



13 C NMR SPECTRUM OF THE COMPOUND FG 1: 

The signals obtained in the 13 C NMR spcctrnm of the compound FO 1 

were utilised to interpret the C skeioton of the compound witlt the help of literature’ 

and are given below in tlic fable 6. 
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TAin ji: 6 


S. NO. 

5 VALUE 

PATTERN 

ASSIGNMENT 

1. 

164.6 

S 

C-2 

2. 

103.9 

S 

C-3 

3. 

182.2 

S 

C-4 

4. 

159.3 

s 

C-5 

5. 

97.8 

d 

C-6 

6. 

157.7 

s 

C-7 

7. 

104.1 

s 

C-8 

8. 

157.2 

s 

C-9 

9. 

104.9 

s 

C-10 

10. 

124.9 

s 

C-1' 

11. 

111.7 ■ 

d 

C-2'' 

12. 

150.6 

s 

C-3' 

13. 

151.4 

s 

C-4' 

14. 

115.2 

d 

C-5' 

15. 

120.7 

cl 

C-6' 

16. 

61.1 

s 

3'-0CH3 

1 7. 

22.8 

1 

C-1" 

18. 

124.1 

d 

0 

1 

to 

19. 

131.0 

d 

c-3" 

20. 

25.4 

q 

C-4" 



21. 

17.8 

q 

C-5'' 

22. 

103.2 

d 

C-l"' 

23. 

73.8 

d 

C-2'" 

24. 

76.4 

d 

0 

1 

GO 

25. 

75.3 

d 

C-4'" 

26. 

76.5 

d 

C-5"' 

27. 

70.1 

t 

1 

o 

28. 

101.6 

d 

C-l'"' 

29. 

79.7 

d 

c- 2 "" 

30. 

73.0 

d 

0 

1 

31. 

68.1 

d 

c-4"" 

32. 

63.3 

t 

0 

1 

33. 

1 04.9 

d 

C-l"'" 

34. 

74.6 

d 

c- 2 '"" 

35. 

76.8 

d 

C-3'"" 

36. 

70.2 

d 

C-4'"" 

37. 

66.1 

t 

C-5'"" 



MASS SPECTRUM'^'’”’*’' OF THE GLYCOSIDE FG 1: 

In the electron impact mass spectrum of the acylated glycoside FG I, 

various fragment peaks were obtained, which are as given below. 
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7‘)4 and in//, 661, 529, 36X, 367, 353, 340, 313, 312, 299, 165, 164, 148, 137 and 


M i 
136 . 

The scheme II shows various species assigned to fragments, which 
confirmed the proposed structure of the compound FG 1 . 
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EXPERIMENTAL 


EXTRACTION OF THE FLAVONOII) GLYCOSIDE (FG): 

TIic acriai pails of (he Kickxia ramosis.sima (3.0 Kg.) were collected 
from the adjoining regions and were authenticated by the Botany Department of this 
college. The aerial parts were air dried, finely powdered and soxhlet extracted with 95% 
methanol. This methanol extract was concentrated and dissolved in cold water. The 
solution was then successively partitioned with n hexane, benzene, chloroform, ethyl 
acetate and methanol. 

The n hcxaiic, chloroform and methanol fractions were in negligible 


amount, when eoncentrated. 

STUDY OF ETHYL ACETATE SOLUBLE PART: 


The ethyl acetate soluble part was concentrated under reduced pressure 
to get a brown viscous mass, which was subjected to column chromatography over a Si 
gel column. The column was eluted with CHCI 3 : CH 3 OH with increasing polarity. The 
CHCI 3 ; CH 3 OH (4:6) part gave compound AFG 1 , which was discussed in the Chapter 2 
of this thesis. I’hc CIICI 3 : CII 3 OII (1:9) part was homogeneous on TLC examination, 
thus, it was concentrated under reduced pressure and the residue was crystallised with 

methanol to get the compound FG 1 (1 .85 g.). 


COLUMN CHROMATOGRAPHY: 
Length of the column 
Diameter of the column 
Weight of the Silica gel 

Weight of the crude product 


90 cm. 
5.0 cm. 
150 g. 
4.12 g. 
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TABLE 7 


S.No. 

Fraction no. 

Eluant collected 

50 ml. each 

Remarks 

' 1 . 

1-8 

CHCI 3 : CH 3 OH 9:1 

Sticky mass 

2 . 

9-16 

CHCI 3 : CH 3 OH 6:4 

Not remarkable 

3 . 

17-24 

CFICI 3 : CH 3 OFI 5:5 

mixture 

4 . 

25-32 

CHCI 3 : CH 3 OH 4:6 

Single spot (Ch. 2) 

5 . 

33-40 

CHCI 3 : CII 3 OH 3: 7 

Mixture 

6. 

40-41 

CHCl3:CH30Hl:9 

Single spot (FG 1) 


STUDY OF THE COMPOUND FG 1: 

The yellow coloured microcrystallinc powdered compound FG 1, was 

soluble in methanol. It was analysed for molecular formula C 37 H 46 O 19 , m.p. 308-09°, 


molecular weight 794 (EIMS) 
ELEMENTAL ANALYSIS: 
Found 
C = 55.34% 

H= 6.16% 

Molecular weight = 7941L1MS1 


Calculated 

55.92% 

5.79% 


Molecular formula -- C.v/l l.UiO 10. 

ACETYLATION OF THE COMPOUND FG 1: 

Compound AFG 1 (100 mg.), fused sodium acetate (800 mg.) and the 
acetic anhydride (5 ml.) were taken in a flask fitted with air condenser, and heated on a 
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oil balli at ! 30‘’ lor 6 hours, 'I'lic reaction mixture was poured in cold water, when a thick 


white ppt. was obtained, which was extracted with solvent ether. The ethereal layer was 
washed with water and sodium bicarbonate solution. Finally the ethereal layer was dried 
over anhydrous sodium sulphate and the ether was evaporated. The residue was 
crystallised from methanol as white needles (55 mg.), analysed for C57ll6(.029, M+ 1214 
ELEMENTAL ANALYSIS: 


Found 
C = 56.36% 
H = 5.59% 


Clalculated 


56.34% 


5.44% 


Molecular weight =1214 [ElMS] Molecular formula = C 57 H 66 O 29 

Acetyl group percentage " 34.94% 

. ACID IIYDROI.YSIS OF THE CI.YCOSIBE FC 1: 

The 800 mg. of compound FG 1 was refluxed with 100 ml. of 7^ 
alcoholic II 2 S 0 ., on a water bath for eight hours. Allcr adding 50 ml. of water to the 
reaction mixture, the alcohol wa.s removed hy distilling under reduced pressure, when .t 
yielded aglycone as a ppt. that was separated by filtration. The hydrolysate was 
neutralised with BaCO., and was liitercd to remove BaSO, The filtrate w.is coneentrtttcd 
under reduced pressure to a golden yellow mass that was examined by Co PC with 
authentic sample using n-Butanol: acetic acid; water (4:1:5) as a solvent system and 

aniline hydrogen phthalate as a spraying icagcnt. 




ft 

I'-'F 


I 


I 


I 
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STUDY OF AGLYCONE FG 2: 


The aglycone FG 2 was a yellowish microciystalline powder (650 mg.) 
with m.p. 290-92° and analysed for molecular formula C 21 II 20 O 6 , M‘' 368. It responded 
positively to the tests of flavonoids. 

SCLEIVIENTAI. ANALYSIS O!'' GOMI'OllNI) F(; 2: 

Calculated 

C = 68.24% 68.48% 

H= 5.81% 5-43% 

Molecular weight = 368 [EIMS] Molecular formula = C 21 H 20 O 6 

SCHINODA TEST: 

Few crystals of the compound were dissolved in the 2 drops of EtOH 
and to this solution, Mg powder was added followed by the addition of 5M HCl. On 
viewing against a white background, red colour appeared. 

ACETYLATION OF THE AG LY CONE FG 2: 

The compound FG was acetylated in the same manner as described for 


the FG 1. 

ELEMENTAL ANALYSIS: 
Found 
C = 66.09% 

11-5.33% 

Molecular weight = 494 [EIMSj 
Acetyl group % = 25.19%) 



Calculated 

65.59% 

5.26% 

Molecular formula = C 27 H 26 O 9 



STUDY OF SUGAR HYDROLYSATE: 


The sugar hydrolysate obtained after the acid hydrolysis was 
nculraliscd with barium carbonate and the ppt. of barium suiplialc obtained was filtered 
oil". I'hc filtrate after concentration under vacuum was examined on PC, using aniline 
hydrogen phthalate as a spraying reagent. The inferences drawn are given in the Table 8. 

TABLE 8 


S.No. 

Solvent system 

Rf. value 

Recorded 

Rf. value 

Found 

Sugar identified 

1. 

Ethyl acetate ; 

0.38 

0.37 

D-xylose 


Water : 

0.33 

0.32 

L-arabinose 


pyridine 

0.235 

0.22 

D-galactose 


(2: 2: 1) 




2. 

n-Butanol: 

0.28 

0.29 

D- xylose 


Acetic acid: 

0.21 

0.20 

L- arabinose 


Water 

0.16 

0.17 

D- galactose 


(4:1:5) 






PARTIAL HYDROLYSIS OF THE GLYCOSIDE FG 1: 

The flavonoid glycoside FG 1 (400 mg.) and Killiani’s mixture (70 ml. 
HCl : Acetic acid: Water, 15; 35; 50) were taken in a 150 ml. conical flask at room 
temperature and left for 4 days. The reaction mixture was extracted with n- butanol and 
the butanol extract on TLC (BAW) examination showed the presence of three 
compounds. This extract on concentration was subjected to the column chromatography 
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over a column of silica gel and eluting the column with chloroform: methanol in different 
proportions. Thi-s exercise resulted in tlic separation of three sub.stances l-'U-l’Ai, r(j-PA 2 
and FG'PA. 1 . The observations arc recorded in the Table 9. 

TABLE 9 


1 . Length of the column 

2. Diameter of llie column 

3. Weight of the Si gel 

4. Weight of the butanol soluble part 


90 cm. 
3 cm. 

100 g. 

380 mg. 



Fractions 

Eluants 

Spot on TLC 

plate 

Substance 

1. 

1-8 

('iVloroibrnv. 

one 




methanol (4; 1 ) 



2. 

9-14 

Chloroform: 

two 

FG-PAi+FG- • 



methanol (4:1) 


PA2 

.T 

15-2! 

Chloroform: 

one 

1'G-PA2 



methanol (3:1) 



4. 

22-27 

Chlorofonn: 

two 

FG-PA2+FG- 



methanol (3:1) 


PA3 

5. . 

28-35 

Chloroform: 

one 

FG-PA3 



methanol (1:1) 
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STUDY OF PROAGLYCONE (FG-PAi): 

It analysed for the mol. for. CaTl'UoOii, m.p. 341 - 42 ° and molecular 


weight M" 530 (EIMS). 
ELEMENTAL ANALYSIS 


Calculated 


Molecular formula = C27H30O1 1 


Molecular weight = 530 [EIMSj 


STUDY OF PROAGLYCONE FG-PAj: 


molecular formula C32H380 15, ni.p 


662 (EIMS) 
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elemental ANALYSIS: 
Found 


Calculated 


C = 58.56% 58.01% 

11=5.58% 5.74% 

Molecular weight = 662 fEIMS] Molecular formula = C32H380,5 

FERMETHYLATION and HYDROLYSIS: 

The proaglyconc FG-PA2 was permcthylatcd, followed by hydrolysis in 
the same manner as described for the proaglyconc FG-PAi, It exhibited the presence of 
aglyconc (idciUincd by m.m.p., Co-TLC and Co-PC with authentic sample). The aq. 
hydrolysate revealed the presence of two methylated sugars identified as 2, 3, 4-tri O 
methyl-D-galactose and 2, 3, 4-0-methyl-L-arabinose (identified by Co-PC and Co- 

I'LC). 

STUDY OF PROAGLYCONE FG-PA3: 

It analysed for the molecular formula C37lhu,Oio, m.p. 308-09°, molecular 

weight 794 (lilMS) 

ELEMENTAL ANALYSIS: 

Calculated 

Found 

55.92% 

C = 55.34% 

5.79% 

H = 6.16% 

Molecular weight = 794 [EIMS] Molecular formula = C3,H«,0„. 

FERMETHYLATION AND HYDROLYSIS OF THE PROAGLYCONE FG-PA3: 

Permethylation followed by hydrolysis was carried out in the similar 
manner as deseribed for the FO-PA,. After the hydrolysis, three sugars. 2. 3. 4-tri-O- 
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methyl-D-galactose, 3, 4-di- 0-methyl-L-arabinose and 2 , 3, 4-tri-O-methyl-D-xylose 
were identified in the aq. hydrolysate. Presence of these methylated sugars further 
established the pyranose form of all the three sugars. 
enzymatic HYDROLYSIS: 

The solution of flavonoid glycoside FG-1 (50 mg.) in ethanol (30 ml.) 
was suspended in an almond emulsin solution (30 ml.) in a conical flask. This reaction 
mixture was kept for three days at room temperature. The aglycone and hydrolysate were 
examined separately. The hydrolysate was subjected to paper chromatography with 
authentic sample using BAW (4:1:5) as solvent system and aniline hydrogen phthalate as 
spraying reagent. When it clearly revealed the presence of D-xylose and a disacchande 

sugar unit. 

Then the takadiastasc enzyme was added in the reaction mixture. The 
mixture was again kept for three days. The ppt. was separated by filtration and 
hydrolysate was subjected to PC with authentic sample, when it showed three spots and 
revealed clearly fire presence of D-galac,ose. D-xylose and L-arabinose (confirmed by 
Co-PC and Co-TLC with authentic samples). 
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CHAPTER IV 


f’-jr ^ V'* 


ISOLATION AND IDENTIFICATION OF A TRITFJIPENOIDAL SAPONIN 
GLYCOSIDE: “ECHINOCYSTIC ACID -3-O-p-D-GALACTOPYRANOSIDE” 
FROM THE STEMS OF ZIZIPHUS NUMMULARIA (FAM. RHAMNACEAE) 






r.-^.-y/r .r r.'** ■> 


Zizipliiis iiiiDiiiiiilcii'Ui belongs to tlic hunily Rhaninaccac und lound in 
the arid and semiarid regions of Baluchistan, Cutch, Gujarat, Kathiawar, Punjab, Sind, S. 
Maharashtra and western Rajasthan (where it lorms 14% ot the total composition of 

grassland ilora) and in the peninsular India, from Konkan to deccan and southwards and 

1,2 

ascending to an altitude of 900 m. 


Z. nummular ia is commonly known as Jhadiaber or Jharber in Hindi 
and is a thorny, small bush or a shrub with widely divericating flexuous branches; stems 
and branches pale purplish or grey, velvety; stipular prickles in pairs; leaves ovate to 
orbicular, densely tomentosc, beneath, serrate; llowcrs pale yellow, in axillary cymes; 

drupes red or black, 1 cm long . 


Animals graze Uic Z. nummulaiia, in its young and tender stage but 
after its development into hard, woody and thorny plant, only sheep and goats are able to 
browse on it. The leaves of this plant are rich in crude proteins and minerals. These 
leaves increase the nutritional status and carrying capacity of otherwise depleted and 
deficient grasslands and they are available even when other grasses have dried as these 
leaves shed in winter season after the appearance of ted colouted berries and are 
eolleoted, dried and stored to be used as a fodder for cattle, camels, sheep and goats. 
Fruits are not eommereially very important but are edible and have pleasant sub aeidie 

taste and arc eaten and sold to a limited extent. 

As far as medicinal properties are concerned the bark, leaves and fruits 
of this genus are used as folk medieines in the hopical and semitropieal countries. The 
leaves of Z. ,„m„u„anc. are applied to scabies and boils^ and Ihc dried leaves are burnt to 
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inhale the smoke, which is useful in the treatment of coughs and cold. The fruits are 
cooling and astringent and are also used in the bilious affections 

The genus Zizipltu.s of (he family rhainnaceae C(>ntaius numerous 
species viz. Z fnictiis, Z. lotus, Z. mauritiana, Z. mucronala, Z. nummularia, Z. 

oenoplea, Z. nigosa, Z. spina crisli, Z. vulgaris and Z. xylopyrus. Among these species Z. 

*■ 

mauritiana, Z. nummularia, Z. oenoplea and Z. xylopyrus are commonly available in this 
region. 

Many species of the genus Ziziphus arc reported to contain 
cyclopeptide alkaloids, which are particularly common in the family rhamnaceae.^'' ‘ 
These alkaloids are polyamide plant bases containing a styrylamine unit as an integral 
pai-t of 13, 14 or 15 membered macro cyclic ring. 

The water insoluble fraction ol the ethanol extract ol the roots ol Z. 
jujube afforded three new triterpene esters; 2 - 0 -protocatechuoylaliphitalic acid, 2a- 
hydroxypyracrenic acid and 3 - 0 -protocatechuoylceanothic acid The bark of Z.Jujuba 
afforded leucocynidine and the wood contained leucopelargonidin, betulinic acid and 
'13 

ceanothic acid. 

Z rzrgo^a afforded a triterpenoidal saponin named as rugoside, 

structure of which was given as jujubogenin -3-0- D - glucosyl - (l-> 3) - L - 
arabinopyranoside by chemical and spectral methods.’'' An anti allergic compound ethyl - 
a - D-fructofuranosidc was separated from the ethyl alcohol extract of Z fnictus. 

The economic importance of family rhamnaceae is not very significant, thus, 
up to now, from a large number of Ziziphus sps, only Z. jujuba and mauritiana have been 
chemically investigated due to their cultivation as fruit trees. Although there is some 
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work clone on the Ziziphus mimmularia loo. 'rhus, author decided to investigate this plant 
as it is a widely found local shiaib, which is used for eating to a limited extent and possess 
some medicinal properties too. As for as work done on this plant is concerned there is a 
report of presence of tannins (14%) from the twig bark of Z. nummuluria. The 
cyclopeptide alkaloids, which are very much common in the family rhamnaceac, were 
isolated from this plant also. The cyclopeptide alkaloids nummularine A, B and C; 
nuicronine -D and amphibine-H were reported in the root bark of this plant.'^^ In search 
of cyclopeptide alkaloids from the bark of Z. nummidaria, the mauritine-A, scutianine - 
C, fragufolin and a 13 membered N-formyl cyclopeptide alkaloid, designated as 
nummularine- T were obtained. The cyclopeptide alkaloids, nummularine -S and 
nummularine -C, too were isolated from the stem bark of the Z. mmmulana. 
ISOLATION OF THE TRITERPENOID AL SAPONIN: 

The stems of Ziziphus mmmularia were air dried, powdered then 


extracted with 80% ethyl alcohol. The extract was concentrated under reduced pressure to 
get a dark bro™ viscous mass (850 mg.). This residue was partitioned between EteO and 
water. The aq. layer was extracted with EtOAc foiiowed by n- BuOll saturated with 
water. The n- BuOH fraction was subjected to chromatography on a silica gel column 
eluted with CHClj-MeOH-HaO in different ratios giving 46 fractrons. Frs 21-36 were 
rcchrornatogr-aphcd on a silica gel column eluted with CHCb-EtOAc-MeOII (2:1:2). The 
solvent was evaporated aud residue ohluinod wa,s ex.amined h, TLC. Purincation was 
done by dissolving it hr MeOI i with eseess of ether and the process was repeated to find 

the colourless crystals of the compound TSG-1 on crystallisation with McCO. The 

22-24 

saponin TSG-l showed all the characteristic reactions of saponms. 
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STUDY OF THE TRITERPENOI DAL SAPONIN (TSG-l): 

1 lie compound lSG-1 was analysed for molecular formula CaslIsijOy, 
m.p. 251-53 and M 6 j 4 (EIMS). It showed the positive reactions of triterpenoidal 
saponins. 

PRESENCE OF PENTACYCLIC TRITERPENOID: 

The saponin was pentacyclic triterpenoid as it showed violet colour on 
its (0.5 ml. sol. in EtOH) reaction with 2,6-di tertiary -butyl-p-cresol (1.0 ml. sol. in 
ethanoP’. 

UV SPECTRUM OF TSG-1: 

In the UV spectmm of TSG-1 no absorption above 200 nm was 

observed. 

IR SPECTRUM OF TSG-1; 

The IR spectrum of compound TSG-1 showed characteristic peaks, 
which were inferred for the structural identifications with the help of available 







-ft 


literature.^®’^® 

These peaks and their structural assignments 

TABLE 1 

are given in Table 1 (Fig 1). 


S. No. 

Wave Number cm'* 

Assignment 

f 

1. 

3410 

-OH group 


2 

3030,1625 

C C double bond 


3. 

2935 

-Cl I .strcalching vibrations 

m 



of methyl group 

■ 

4. , 

1725 

-COOH group 

■ 

5- • 

1630 

-CH2-CH 







Ml 


IT 

1382,1370 

Gem dimethyl group 

7. 

1352, 1345 

Triteq^enoidal nature 

8. 

1057, 1104 

Stretching of secondary 



alcoholic group 

9. 

810 

CH=CH2 


PRESENCE OF OH GROUP (S): 

'I'hc IR specfniin of the compound showed a peak at 3410 cm 

which suggested the presence of OH group(s) in it. 

NUMBER OF OH GROUP (S): 

On acetylation of methyl ester (TSG le) of TSG-1 with acetic 
anhydride/pyridine, an acetylated product (TSG-lac); mol. for. C47H70O14, m.p. 276- 
277°, M"' 858 was obtained. By the method of Weisenberger^' the presence of five OH 

groups (% of acetyl group-24.9 1%) were established. 

PRESENCE OF METHYL GROUP (S): 

The IR peak at 2935 enf' in compound TSG-1 suggested the 


presence of methyl group(s). 


PRESENCE OF DOUBLE BOND: 

Saponin TSG-1 gave positive 


colour test with tetranitro methane^^, 


which showed the presence ol double 
appearance of absorption bands at v ' 


bond in it that was further confirmed by the 
,,, 1625 and 3030 enf' in the IR spectra of the 


compound. 
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WAVELENGTH 






PRESENCE OF -COOH GHOUP: 

On treatment with CH 2 N 2 , compound TSG-1 gave methylated ester 
’FSG Ic; molecular formula CfnllwiOy, m.p. 265-266 , M 64f> (lilMS), indicating the 
presence of -COOll group wiiich was further confirmed by the iR absorption peak at 

1725 em-‘. 

PRESENCE OF SUGAR UNIT (S): 

Molisch’s test^^ was shown positively by the compound TSG-1 that 

suggested the presence of sugar moiety(s) attached with the compound. Because of above 
data, the tentative structure of compound TSG-1 can be assigned as below: 

■•^COOH 

C7>CH5 

cr: bond- 



IIYDROI.YSIS OF TOE SAPONIN (TSG --1): 

On hydrolysis with 2N H 2 SO 4 , it yielded sugar(s) and a sapogenm 
(TSQ-2). The sapogenm TSQ-2 was separated by filtration and was studied further to 

establish the structure of this compound. 
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ANALYSIS OF COMPOUND TSG-2: 


Compound TSG -2 was insoluble in benzene but soluble in methanol 
ami cliumol nml gave all ihe colour reliction, s of Irilerpcnuicla^'’’^'’^ It vva,*! nnalyMetl lor 
molecular formula C 30 H 48 O 4 , m.p. 302° and M' 472 (EIMS). 

UV SPECTRUM OF THE COMPOUND TSG-2: 

The UV absorption in methanol was not beyond 205 nm. 


IR SPECTRUM OF THE COMPOUND TSG-2: 

In the IR region compound showed some significant peaks, which 
helped in inferring some important structural units with the help of available 
literature?^’’^^ These are given below in the Table 2 (Fig 2). 





Tabic 2 


Wave No. (enf') 


3018, 1622 


1425, 1112 
1405, 1380, 1312 


1384,1373 


Assignment 
-OH group 


Double bond 


-CH stretching of Me group 
-CH stretching 
-COOH group 
-CHi-CH 

-C-0 streatching of sec. OH group 
Triterpenoidal nucleus 
Gem di methyl group 


'I’hcrcrorc, the lollowing structure of sapogenm 


TSCi -I can be 


assigned on the basis ol above observations 


PRESENCE OF -OH GROUP(S) : 

An absorption peak at 3402 cm'' in the infra red spectra showed 

the presence of -OH groups in sapogenin TSG 2. 

On acetylation tvith AcO/pyr., it yielded an acetylated product ( TSG 
. . m n. 235°. M" 570 DIMS. Two acetyl groups 


2ac) with molecular formula C35H54O6. m.p. 235 " 




t - -a f-A 

■ 


I 
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(14.93%) were estimated by using the Weisenberger process^^ which confirmed the 
presence of two -OH groups in the compound TSG 2. 

FOSITION OF -OH GROUPS: 

The 'H NMR spectrum of the diacetyl derivative (TSG 2ac) indicated 
the position of - Oil group.s at C-3 and C-16 and their conUguration as (1 and a 
respectively due to the peaks at 6 3.05 (dd, J = 10.3, 9.0 Hz, H-16a), 6 j.88 (dd, J-11.4, 
d.()llz, 11-3 and two singlcl.s at 52.20 (311, C-16 a, -OAe) and 62.08 (311, C-3 [1, 
OAc). C-16 -OH group was assigned a configuration due to downfield shift of Me-27 
proton at 5 1.26 (s)'^'’’"^ and C-3 -OH was assigned p configuration because of its large 

coupling constant (dd, J = 1 1 .4, 4.6Hz.).' 

On chromic acid oxidation''^ monomethyl ester of compound 1 SG 2 

gave an oxidation product (I'SG 2op) (molecular formula CbiH^cO^, m.p. 207°, M*" 482 
(ElMS). This oxidation product on reacting with 2,4- dinitro phenyl hydrazine yielded 
dihydrazone derivative, confirming the oxidation product to be dikelo derivative and 
thus, pointing towards the secondai-y nature of both the -OH groups of the sapogemn 
TSG 2. [See scheme III]. Oxidation product TSG 2op, on Zimmermann test (an specific 
test for C-3 keto group) gave positive results, thus, establishing the position of one keto 
group at C-3 position, while, another group must be present at C-16, which was formed 
by the oxidation of secondary -OH group by chromic acid oxidation as stated above. 
Therefore, the positions of -01 1 groups were assigned at C-3 and C-16 in the compound 

TSG 2. 

A tentative structure of conw^^ 
positions of OH groups as below: 
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-COOH 
::?3-ch5 
c:z bo>vci 


PRESENCE OF METHYL CROUP(.s) 


' in the IR spectrum of compound 


TSG 2 indicated the presence of methyl group(s). 

POSITION OF METHYL GROUPS: 

In the IR spectrum of the compound TSG 2, the peaks at 1373, 1384 

cm-' showed the presence of gem dimethyl group. In the IH NMR spectrum of acetylated 

derivative (TSa 2ac) peaks at fi o.80, 0.84, 0.87, (1.91, 0.0.0, 1.01 and 1.2(5 (each 3H, s) 

were similar to the oleanane type of .skeleton.'"-" These peaks indicated the presence of 

seven tertiary metliyi groups at C23, Caa, C25, C26, Car, Cra and C30 positions. 

PRESENCE OF OOlJRIaE RON!): 

■ . , j . ,,KBr 7018 cm * in the IR spectrum ol 

An absorption band at V max AU is, lozz cm t 

compound TSG 2 indicated the presence of double bond. This was confirmed by th. 
yellow coloration with TNM, .m indication of double bond in one of the ring. 
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POSITION OF DOUBLE BOND: 


The position of'doublc bond was cslablishcd by the 'll NMR spectrum 
of sapogenin TSG 2. An iipficld shift at b 5.32 for vinyl proton IJ-12 and a downficld 
shift at 6 2.21 for 11-11 and a peak at 5 2.18 for Ii-18 were a clear indication of the 
presence of double bond at 12-13. This was further suggested by the high terminal 
absorption at 1 88 nm in the UV spectrum'''’’''^ that is a characteristic of 12-13 double bond 
in oleanane series of majority of tiiterpenes. In the NMR spectral data, the signals at 
124 and 143.7 were attributable to the C-12 and C-13 confirming the double bond at this 

40 

position . 

PRESENCE OF -COOIi CROUP: 

In the IR spectrum, a peak at v'^"’,na,x 1710 cm ' indicated the presence 
of -COOIi group. This was further corroborated by the fact that TSG 2 produced 
effervescence on treatment with sodium bicarbonate solution. 

On treatment with CI-I 2 N 2 , compound TSG 2 produced a methyl ester 
TSG 2e (analysed for molecular formula C 31 H 50 O 4 , m.p. 221° and M' 486(EIMS), thus, 
confirming the presence of acid group. 

POSITION OF -COOH GROUP: 

Sapogenin TSG 2 on heating gave a dccarboxylated product, TSG 2d; 

molecular formula C 29 H 4 SO 2 , m.p. 194 °, MV428 (EIMS). The 'll NMR spectrum of 


decarboxylatcd sapogenin TSG 2d, exhibited a signal at 5 2.63 (m, IH) for H-17, 

whereas, no such peak for H-17 was observed in the spectra of mono methylated diacetyl 
derivative (TSG 2ac) of TSG 2, thus, corroborating the presence of -COOII group at C- 
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17 position. This position was further confirmed by the emergence of a 'H NMR peak at 
8 3 60 (s, 3II) for -COOMe group'’^''*** of its mono methylated diacctyl derivative. In tire 
In (lie nia.s.s .spccirn of compound fragment ion.s at 248 and 203 during 
Retro - Diels - Alder cleavage further suggested the position 17 oi -COOI 1 group . 

Saponification of mono methyl ester with 10% methanolic KOH 
underwent only partial saponification, however, when it was done with diethylene 
glycolic KOH, it again produced the sapogenin TSG 2. These results were a good 
confirmation of the fact that -COOH group was hindered and thus it must be at position 


C-17 


In light of the above facts the structure of sapogenin TSG 2 was given 
as (I): 3p, 16a, olean-i2-ene -28-oic acid, which was identified by the available 

literature^ ' as a well laiown compound echinocystic acid. 







-COOH 


This structure of compound TSG 2 was further corroborated by its 'H NMR, ‘^C NMR 


and mass spectra. 

‘H NMR SPECTRUM OF DIACETYLATED METHYL ESTER OF THE 
SAPOGENIN TSG 2: 

The 1 H NMR spectrum of diacetylated methyl ester of TSG 2 showed 
some interesting signals, which helped in inferring the structural assignments with the 
help of available literature^^’^'*. 2’hcse signals and their structural assignments are shown 
as below in Table 3 (Fig 3). 

Tables 


S.No. 


1 . 

2 . 

3. 

4. 

5. 

6 . 

7. 

8 . 


9. 

10 . 
11 . 


5 Value 


0.97 

0.74 

0.91 

0.89 

1.26 

0.84 

0.96 

1.30-2.04 

2.08 

2.18 

2.20 


No. of 
protons 
3 
3 
3. 

3 

3 

3 

3 

18 

3 

1 

3 


Pattern J Value in 
I-Iz 

s 

s . 

s 

s 

s 

s 

S ■ 

m " 

s 

S • 

, s 


Structural 
Assignments 
C-23 Me group 
C-24 Me group 
C-25 Me group 
C-26 Me group 
C-27 Me group 
C-29 Me group 
C-30 Me group 
Polymcthylene and 
methyl CH 2 and CH 
C-3-OAc 
H-18 

C-16-OAc 



12 


2.21 


1 


s 


H-11 


13. 

3.05 

1 

dd 

10.3,9.0 

H-16a 

14. 

3.60 

3 

s 

- 

COOMc 

15. 

3.88 

1 

dd 

11.4, 4.6 

H-3p 

16. 

5.32 

1 

dd 

6.9, 10.1 

Vinylic proton at 


C-12 


13 C NMR SPECTRUM OF THE COMPOUND TSG 2 ; 

Sapogenin TSG 2 showed important peaks in its '^C NMR spectrum. 
With the liclp of availnblc literati, rc®' these peaks hcipcrl in structural assignments of 
TSG 2, which are given in Table 4; 

Tabic 4 


S. No. 

6 Value 

Assignment 

1. 

;• 


2. 

28.6 

C-2 

3. 

90.4 

C-3 

4. 

39.4 

C-4 

5. 

57.8 

C-5 

6. 

17.1 

' ■ e-6 

7. 

33.2 

C-7 

8. 

40.7 

C-8 
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MASS SPECTRUM OF THE COMPOUND TSG 2: 


The compound TSC’i 2 showed some important fragmentation patterns^^ 
that are as given below: 

M"- = 472, 440, 427, 248, 207, 203, 190, 189, 175 and 133 raz. 

The different fragmentation patterns obtained are shown in scheme -1 . 

STUDY OF THE SUGAR MOIETY (lES): 


The compound TSG 1 on hydrolysis with 2N H2SO4, gave sapogenin 
TSG 2 and the aq. hydrolysate after filtration. The aq. hydrolysate was neutralised with 
BaCO.i and the BaSO-t obtained was removed by filtration. The filtrate after concentration 
reduced Fchlings solution, thus, suggesting the presence of sugar(s) attached with the 
sapogenin TSG 2. 

The sugar was found to be D-galactose, when aq. hydrolysate was 
chromatographed on Wliatmann No, 1 liltcr paper and aniline hydrogen phthalate was 
used as spraying agent. The Co PC and Co TLC with authentic sample'^ confirmed the 
presence of D-gaiactosc (Rf.0. 1 7) as only sugar moiety. 

THE PYRANOSE FORM OF THE D- GALACTOSE: 

The D-galactose was present in the pyranose form, which was 
conlirmed by the permethylation"’^ followed by the acid hydrolysis of the saponin ISO 1. 
rhe presence of 2,3,4,6-tetra-O-methyl-D-galactose (authenticated by the Co PC and Co 
TLC) in the hydrolysate was a good confirmation of this fact. This also suggested that the 

C-1 position of the D-galactose was involved in the glycosidic linkage. 





NATURE OF THE GLYCOSIDIC LINICAGE 


The D-galactose was linked by the p linkage to the sapogenin TSG 2 


which was proved by the enzymatic hydrolysis (almond -emulsin) and was further 


POSITION OF GLYCOSIDIC LINKAGE IN COMPOUND TSG 2 


The glycosidic linkage in compound TSG 1 was possible in either of 


the three ways as described below: 


A. The galactose moiety could be linked through -COOII group at position C-17 or 

B. the linkage site could be through -Oil group at C-17 or 


C. through -OH group at position C-3. 

When the saponin was subjected to the alkaline hydrolysis, it did not 
produce any sugar and thus the possibility of linkage ol galactose moiety through - 
COOH group was cancelled^’". Thus, -COOH group was free in compound TSG 1. 

The C-16 position of linkage was also not possible because of highly 
stcrically hindered position of Cki-GII group^’". Ihcrcforc, lone possibility ol linkage of 

D-galactose with sapogenin was through -OH at position C 3 . 

Therefore, in light of these facts the structure of saponin TSG 1 can be 


assigned as below: 


'"^coOH 


This structure of saponin TSG 1 was further confirmed by the ’H 
NMR, '^C NMR and mass spectral data. 

NMR SPECTRUM OF FENTA ACETYLATED DERIVATIVE (TSG lac); 

The above structure was further confirmed by the ' H NMR of the tetra 
acetylated derivative of saponin TSG 1. The spectrum was interpreted with the help of 
available literature®^. The important, peaks and the structural units inferred are given in 
the Tabic 5 (Fig 4). 


TABLE 5 


S.N(). 

6 Value 

No. of 

Protons 

Paltern. 

,! Value 

(Hz) 

Assign- 

ments 

1 . 

0.96 

3 

S 


C 23 -CH 3 

2 . 

0.81 

n 

J 

S 

-* 

C24-CH3 

3. 

0.87 

3 

S 

- 

C 25 -CH 3 

4. 

0.88 

3 

S 

- 

C 26 -CH 3 

5. 

1.12 

3 

s 

- 

C 27 -CH 3 

6 . 

0.86 

3 

s 

- 

C29‘CI"l3 

7. 

0.95 

3 

s 

- 

C 30 -CH 3 

8 . 

1.15-2.05 

18 

m 


Polymethyle 

iic and 

methyl Cl I 3 

and CH 

9. 

5.25 

1 

dd 

" 4.9 . 

12-13 

double bond 


125 




CL 

CL 


LL 

UJ 

LU 


o 

iU 

LU 


Q 

$ 

5 


2 

CO 

« 


LU 

! 

! 

.„Seo 


O 

£ 

-j 




0. 





I 



< 

J 



s 

! 


■.q:' 

D 

i. 


LU 

oc 

h* 

O 

LU 

CL 

•CC 

LU 

H 

-J' 


$ 

o 

CL' 

LL 

m 

^U. 


a 

E 

O 

£ 

o 

a 

'£ 

a 

£ 

.a 

! 

i 

! ' ■ 

I 

I 

a 

I' 

, . i 

i 

CC 

I 



uu 

! 



> 

j 


(/j 



QC 

O 

o 

I 

Ui 

CL 

CL 

(/> 

O 

5 

o 

LU 

•J 

a. 

LU 

'•Jf 

CL 

CL 

CL 

D 




O 

O 

o 

o 

o 

o 

o 

o 

LU 

LU 


9Q'60C 095 ON lyVHD 


■^|1 iM If i>ij 










Protons of 
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13 NMR SPECTRUM OF SAPONIN TvSG 1: 

The 13 NMR spectra of saponin TSG 1 siiowed some useful signals, 
which, helped in interpreting all C containing structural units which are given below in 


Table 6 


m 


I 


TABLE 6 


S.No. 


SVaiue 


Carbon NO. 


22. 

34.1 

C-22 

23. 

28.5 

C-23 

24. 

17.2 

C-24 

25. 

1 6.6 

C-25 

26. 

17.8 

C-26 

27. 

26.4 

C-27 

28. 

i 76.8 

C-28 

29. 

34.7 

C-29 

30. 

23.7 

C-30 

31. 

103.7 

c-r 

32. 

74.2 

C-2’ 

33. 

76.8 

C-3’ 

34. 

74.9 

C-4’ 

35. 

76.0 

C-5’ 

36. 

61.7 

C-6’ 


MASS SPECTRUM OF THE COMPOUND TSG 1 : 

olThc saponin TSG 1 showed some significant fragmentation 

patterns, which arc shown in the Scheme 2 and are summarised below: 

Ivf^ 634 (ELMS) and the various fragmentation peaks at m/z 472, 471, 440, 427, 248, 207, 

203, 190, 189, 175 and 133. 
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These spectral data further corroborated the structure of the compound as, Echinocystic 
acid -3-0-(Vl)-ga!actopyranosidc as sliown below: 










EXPERIMENTAL 


EXTRACTION AND ISOLATION OF THE TRITERPENOIDAL SAPONIN: 

Tlio stems oi' Zizij>litis iiiiniimilaria v/cm collcclccl from the adjoining 
regions and were authenticated by the Botany Department of B.B. Science College Jhansi 
and a voucher specimen was deposited in this department. The plant material (stems of 
Ziziphus nummularia) were dried, finely powdered then extracted with 80% ethyl 
alcohol. The extract was concentrated under reduced pressure to get a dark brown viscous 
mass (850 mg.). This residue was partitioned between EtaO and water. The aq. layer was 
extracted with EtOAc followed by n- BuOH saturated with water. The n- BuOH fraction 
was subjected to chromatography on a silica gel column eluted with CHCl 3 -Me 0 H-H 20 
in different ratios giving 46 fractions. Frs 21-36 were rechromatographed on a silica gel 
column elulctl with Cl if 'li-l'.K>Ac-Mc f)i 1 (2,: 1 :2) lo alTord compound TSG 1 . 

Column chromatography, results arc shown below in Table 7: 

TABLE? 

Column Descriptions: 


L 

Length of the column 

: 100 cm. 

11 . 

Diameter of the column 

: 3.5 cm. 

HI. 

Amount of the Silica gel 

: 100 g. 

IV. 

Weight of the ethyl acetate soluble part 

:5.72 g. 
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I'hc fractions (2! -36) were mixed togellicr. The sol vent was evaporated 


and residue obtained was fiirlhcr chromatographed on a silica gel column. 

(h)louiiess crystals of the compound TS(!-i were obtained on 
crystallisation with Me 2 CO. The saponin TSG-1 showed all the characteristic reactions of 


sapomns 


STUDY OF TRITERPENOIDAL SAPONIN TSG 1 


Compound TSG 1 was analysed for molecular formula, CseHsgOg m.p 


ELEMENTAL ANALYSIS OF TSG 1 


Calculated value of elements 


Molecular Weight; 634 (EIMS) 


S. No. 

Fractions 

Solvents 

Spots on TLC 

Plate 

Substance 

1 . 

1-10 

cOcb-McOIl- 

mixture 

Ui.scarded 



H20 (90:10:1) 



2. 

11-20 

80:20:2 

Not remarkable 

Discarded 

3. 

21-36 

70:30:3 

four 

Further 





chromatograph 





ed 

4. 

37-46 

60:40:4 

mixture 

Discarded 


131 



SPECIFIC TESTS OF SAPONINS 


It responded positively to the Ibiiowing tests of saponins 


The compound formed a soapy layer of one-inch thickness, when it (10 


mg) was mixed wdth 10 ml. of distilled water and shaken well. The soapy layer existed 


5.0 g. of gelatine was mixed with 100 ml. of saline solution (0.9 %) and 
the small amount of this solution was stirred with the 3.0 ml. of blood which was taken 
separately in a conical flask. Then this blood was applied on a glass plate and a drop of 
the extract was applied on this plate. The red blood gelatine became transparent after 
about one hour at the place of application of the extract. I'his test confirmed the presence 


of saponin in the extract. 


METHYLATION OF SAPONIN TSG 1 


The sapogenin 'fSG 1(40 mg.) was mixed with solvent ether and 
treated with an ethereal solution of diazomethane with simultaneous cooling when this 
reaction mixture was kept for approximately 10 hours, a yellow colour was appeared. 
After washing the mixture with H 2 O, NaHCOs and drying it over anhydrous sodium 
sulphate, a residue was obtained. This residue was dissolved in the metlianol, and was 
subjected to column chromatographed over silica gel. u.sing McOH: AcOH: AcjO (3:2:1) 
as eluting solvents when a homogenous methyl ester of saponin (30 mg.) was obtained. 


ELEMENTAL ANALYSIS OF METHYL ESTER OF COMPOUND TSG 1 (TSG 


FOUND 
C = 68.18% 


1-1 = 9.35% 


CALCULATED 
C = 68.52 % 


H= 9.26% 


Molecular Weight 648 (EIMS) 

ACETYLATION OF TSG Ic: 

The 25 mg of methyl ester of saponin was reacted with 10 ml of acetic 
anhydride and 10 ml of pyridine in a round bottomed flask fitted with reflux condenser 
on a water bath for 3 hours. The reaction mixture was cooled and poured into the ice cold 
water to get a precipitate. This ppt was extracted with ether in a separatory lunnel. After 
washing the ethereal layer with sodium bicarbonate, the solvent was removed to yield a 
colourless acetylated derivative (18 mg) which was recrystallised with acetone. 
ELEMENTAL ANALYSIS OF THE ACETYLATED METHYL ESTER OF 


COMPOUND TSG 1 (TSG lac): 


FOUND 


C = 65.55 % 

H = 8.29% 

% of acetyl group = 24.91% 


CALCULATED 
C = 65.73% 


H= 8.16% 


% of acetyl group 25.06% 


Molecular Weight 858 (EIMS) 



The saponin TSG 1 (900 rag) with 15 ml of ethanol, was taken in a 


round bottomed llask lltlcd with rcllux condenser and 20 ml of 2 N sulphuric acid was 


mixed. The reaction mixture was relluxed for 5 hours on a water bath. Tire solution was 


concentrated under reduced pressure, cooled and the residue was extracted with solvent 


ether. After washing the ethereal layer with water, it was dried over anhydrous sulphate. 
Solvent ether was removed under reduced pressure to yield the sapogenin TSG 2 that was 
rccrystalliscd with methanol to get colourless necdlas. The aqueous layer was neutralised 
and worked separately to identify the sugars present in the saponin TSG 1 . 


STUDY OF SAPOGENIN TSG 2 


It was studied for molecular formula C3()H/i804, m.p. 302°, and M 472 
It responded all the reactions of triterpenoids and was soluble in Ethanol and 


feebly soluble in ethyl acetate. 

ELEMENTAL ANALYSIS OF SAPOGENIN TSG 2 


CALCULATED 


1-OUND 


Molecular Weight = 472 (ElMS ) 


COLOUR REACTIONS OF SAPOGENIN TSG 2 


SALKOWASKLREACTION: 

A yellow colour changing to red was produced when a cone. 

was mixed to a .solution of the sapogenin TSG 2 m chloroform. 
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NOLLER’S REACTION: 

A intense pink colour changing to violet was obtained when Noller’s 
reagent ( 0 . 1 % SnCla in thionyl chloride ) was reacted with a small amount of sapogenin 
TSG2. 

TSCHUGAEV REACTION: 

A violet red colour was produced when the solution of TSG 2 was 
mixed with acetyl chloride and boiled. 

PREPARATION OF METHYL DERIVATIVE (TSG 2c) OF SAPOGENIN: 

Ethereal solution of diazomethane was mixed with constant cooling to 
the sapogenin (350 mg) solution in solvent ctlicr, when this mixture was kept for about 10 
hours, a yellow colour was produced, the mixture was washed with water and NaHCOj 
solution and dried over anhydrous sodium sulphate. Residue obtained on removal of 
solvent was dissolved in methyl alcohol and subjected to column chromatography on Si - 
gel using MeOH: AcOH: MezCO 3 : 2: 1 as eluant, when crystals of methyl ester of 
sapogenin TSG 2c (310 mg.) were obtained by crystallisation with methyl alcohol. It was 
analysed for molecular formula C 31 H 50 O 4 , m.p. 221° and M 486 (bIMS). 
ELEMENTAL ANALYSIS OF METHYL ESTER DERIVATIVE OF 


SAPOGENIN (TSG 2e): 
FOUND 


C = 76.98 


H = 10.37 


CALCULATED 


G = 76.54 


H= 10.28 




Molecular Weight = 486 (ELMS) 
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formation of DIACF/FYI, DFRIVATIVF (TSCJ 2ac) OF METHYL ESTER 
derivative OF SAITMHCNIN (I'SC; 2c): 

'i'he 250 mg ol' methyl ester of sapogenin was reacted with 10 mi of 
acetic anliydride and 10 ml of pyridine in a round bottomed flask fitted with reflux 
condenser on a water bath for 4 hours. The reaction mixture was cooled and poured into 
the ice cold water to get a precipitate. This ppt was extracted with ether in a sepai'atory 
funnel. After washing the ethereal layer with sodium bicarbonate, the solvent was 
removed to yield a colourless acctylatcd derivative (19G-mg) which was recrystallised 
with acetone. 

ELEMENTAL ANALYSIS OF DiACETYL DERIVATIVE (TSG 2ac): 


FOUND 


0 = 74.10 


H= 9.57 


CALCULATED 


C = 73.68 


IB' Im 


H = 9.47 


Molecular Weight = 570 (EIMS) 

OXIDATION OF THE METHYL ESTER OF SAPOGENIN (TSG 2c): 

Methyl ester of sapogenin (TSG 2e) (25 mg) was dissolved in 5 ml of 
pyridine and to this solution, 1 5 mg. of CrOs was added. This mixture was refluxed at 
120° on a sand bath. This mixture was cooled and filtered, when a product (TSG 2op) 
was obtained wiiicli was dried to get a erysttilline mass. It was analysed for mol. formula 
C.i,!L,ALAn.p. 207Nind M^1H2 (LIMS)^ 



ELEMENTAL ANALYSIS 0 ¥ OXIDATION PRODU^ 


CT 


Molecular Weight = 482 (EIMS) 


ZIMMERMANN 


A violet colour was obtained when diketone derivative (TSG 2op) (5 


mg) was dissolved in 2N KOH (10 ml) in absolute ethyl alcohol 


FORMATION OF DIHYDROZONE DERIVATIVE OF TSG 2op 


Dikclonc derivative (TSG 2op) (35 mg) was mixed with 25 ml of 2,4- 
dinitro phenyl hydrazine solution (prepared by dissolving 1.0 g. of solid 2,4- dinitro 
phenyl hydrazine in 250 ml of 2N MCI at 0-5° ) in a glass stoppered dry flask with 
vigorous shaking and then cooling it on an ice bath for 2 hours till a ppt was obtained. 
After washing it vvitli 2N llGl and Ibfh was crystallised from htOIl to yield di (2,4- 


dinitro phenyl hydrazine) derivative. 

ELEMENTAL ANALYSIS OF DIHYDROZONE DERIVA'FIVE OF (1 SG 2op); 
,vN,,Kn^ CALCULATED 


Molecular Weight = 842 (EIMS) 


SAPONIFICATION OF METHYL ESTER (TSG 2c): 

'I'he monomelhyl ester (TSG 2e) (25 mg) of sapogcnin (I’SG 2) was 
taken in a round bottomed flask with ethylene glycol (20 ml) and 2N KOH (3:: ml). 
The reaction mixture was refluxed on sand bath at 150° for four hours. After cooling, it 
was transferred to ice cold water with constant stirring and then extracted with solvent 
ether to obtain a gelatinous mass. It was recrystal lised from methyl alcohol to get 
colourless needles. 

STUDY OF SUGAR MOIETY: 

After acid hydrolysis of saponin TSG 1, the hydrolysate obtained was 
neutralised by the addition of barium carbonate and barium sulphate. This hydrolysate 
was then filtered off and the filtrate was then concentrated under reduced pressure and 
paper chromatography was applied to this concentrate by using various solvent systems, 
which are given in Table 8 and aniline hydrogen phthalate as spraying reagent. 


Tables 


S. No. 

Solvent System 

Rf. Value 

(recorded) 

Rf. Value 

( found ) 

Sugar 

Identified 

1. 

n BuOH : 

AcOl I : Water 

(4:1:5) 

0.16 

0.17 

D-galactose 

2. 

EtOAc : Water 

: Pyr. (2:2:1) 

0.235 

0.24 

D- galactose 
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PERMETIlYLATiON AN I) 1 1 Y DROi.YSlS OF SAPONIN TSC 1 : 

The saponin TSG 1 was subjected to the pcrmcthylation by treating it 
(20 mg.) with K4c! (1.0 ml.), silver oxide (16 mg.) in dimethyl formamide (2.0 mi.) for 48 
hours at room temperature, tlicn (he mixture was llltcred off and the residue was taken in 
CHCis (12 ml.) and the CHCI3 layer was taken with dimethyl formamide. The solvent 
was removed to get a syrupy mass. This syrupy mass was then hydrolysed by using 
Kiliiani’s mixture (HCl: AcOH: Water 5: 12: 18). On addition of excess of water to the 
mixture, the methylated sapogenin was precipitated out. The aq. part was neutralised with 
barium carbonate and barium sulphate formed was filtered off. On TLC of concentrated 
nitrate with toluene: methyl alcohol (4:1) as solvent .system, the methylated sugar was 
identified as 2, 3, 4,6 tetra - 0 -methyl - D- galactose. (Confirmed by Co-PC and Co- 
TLC). 

ENZYMATIC HYDROLYSIS OF THE COMPOUND TSG 1: 

The saponin TSG 1 (25 mg.) was taken in alcoholic medium and 
reacted with almond emulsin solution and mixture was left over night at room 
temperature. The ppt obtained was filtered off and the hydrolysate was subjected to paper 
clrromatography using n- BuOH: AcOH: Water (4: 1: 5) as solvent system and aniline 
hydrogen phthaiate as spraying reagent when a single spot appeared. 
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CHAPTER V 


ISOLATION AND IDENTIFICATION OF A TRTERPENOID 


DIHYDROXY - OLEAN - 12 - EN - 28 - OIC ACID” FROM THE AERIAL 


PARTS OF CELSIA COROMANDELIANA 


Celsia coromandeliana^ Vahl. (Family Scrophulariaceae) is a weed in 
cultivated grounds that occurs tliroughout India from Punjab to Ceylon and ascending to 
5000 ft. on the Himalayas extending to Afghanistan, Burma and China. 

An erect pubescent, annual herb, stems 2-3 ft. high, glandular above. 
Radical leaves, petiolatcd, crowded, 2-4 inch long, the large terminal lobe usually oblong 
lyrate- pinnatifid; the large terminal lobe usually oblong, obtuse, toothed: sessile, smaller 
and passing upwards into bracts, oblong-ovate, cordate, toothed, hairy on both sides. 
Flowers in simple and branched terminal racemes, pedicels 1/4 to 1/3 inch long; bracts 
shorter, ovate. Calyx shorter than the pedicels deeply divided; segments linear-oblong, 
subacute, entire or ’serrulate. Corolla 'A in. across, yellow. Filaments densely bearded with 
purple hairs. Capsule 1/4- 1/3 inch in diameter, subglobose, glabrous. Seeds oblong, 
truncate, verrucose. 

In Sanskrit, the plant is named as Bhutakeshi Sc Kulahala and in Hindi, 
it is called as Gac/artamhato. The juice of the leaves of this plant is sedative, astringent 
and is used in diarrhoea and dysentery. The plant juice is used in the skin eruptions and 
fevers^. 

Celsia coromandeliana is only available species of genus Celsia in 
India. It has been reported to contain celsianol^ a sterol and three triterpenoid saponins, 
named as celsiosides\ I, II and III- which later furnished celsiogenin C (a new genm) with 
celsiogenin A & B’. 

Therefore, in hope of the exploration of some compounds, which can 

define its medicinal properties, the author decided to undertake its detailed and 

systematic phytochemical study. 
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Sl'irARA'l'lON 01<' 'rRn’ERI*!':NO!l)AL COMFOUN!) (TC): 


The air-dried and powdered aerial parts of Celsia coromandeliana were 
cxlraclcti vvilh luclhy! alcohol uiulcr rellux. The cxlnicl was diluicd wilh waicr niul then 
extracled at I'ooin temperature with chloroform, ethyl acetate and n- butyl aicoliol 
successively. 

STUDY OF CHLOROFORM SOLUBLE FRACTION; 

The CHCI 3 extract was defatted with n- hexane. The portion insoluble 
in hexane was chromatographed on a silica gel column. The fraction obtained on eluting 
the column with CHCI 3 ; CH 3 OH (97:3), showed a single spot on TLC examination and 
responded positively to the tests of triterpenoids'^’’. On removal of solvent, a white-cream 
amorphous mass was obtained, which on 1 LC examination was found homogeneous and 
on ciystallisation with methanol, yielded colourless; needle shaped crystals of the 
compound TC, which responded positively to the tests of Iritcrpcnoids. 

STUDY OF THE TRITERPENOID TC: 

I hc triterpenoid i'C was analysed for the molecular ibimula C 3 on 4 !i 04 ) 

m.p.292-293° and 472 (ElMS). It was soluble in methanol and ethanol and gave all 
the tests of triterpenoids. 

PENTACYCLIC NATURE OF TRITERPENOID: 

The triterpenoid compound TC was pcntacyclic in nature, because it 
exhibited violet colour with 2, 6-di tcrtiary-buty 1-p-creso! in cthanol^ 

UV SPECTRUM OF THE COMPOUND TC: 

In the UV spectrum of compound TC, no absorption beyond 18S nm 

was olxscrvcd. 
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IR SPECTRUM OF THE COMPOUND TG: 



The IR spectra of compound TC showed some characteristic peaks 


g some important structural units which are given in the 


that vver 


Table 1 


Therefore, on basis of these facts, following tentative structure of compou: 


given as follows 


Peaks 

Structural 

Assignments 

3575 

-OH group 

3032, 1628 

Double bond 

2960 

CH stretching vibration of Me group 

2895 

-CH stretching in pentacyclic nucleus 

2858 

Presence of Me group 

1720 

-COOH group 

1634 

-CH2-CH 

1385,1374 

Gemdimcthyl group 

1396, 1380, 1320 

TriteriDcnoidal nucleus 

1370 

-CH bending of methyl group 

823 

CH = CH2 
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boucl 


In the IR spectrum of the compound TC peaks at v nm 3032, 16^o 

cm'' pointed towards the presence of double bond. The presence of a double bond was 
fnvtliRi- corroborated bv the yellow coloration with TNM. 


POSITION OF DOUBLE BOND 


The unreactivity of the compound with Hi/Ft at /su- suggebicu cue 
ant double bond inside the ring system. The presence of double bond at 
ras suggested by the high terminal absoiption at 185 nni in the UV 
i. a Characteristic peak of double bond at this position in oleanane series 


another downfield pe; 


PRESENCE OF -COOH GROUP: 

A peak at v''“'„,ax 1720 cm'' in the IR spectrum indicated the presence 
of -COOH group. Effervescence on treatment of compound 1C with sodium bicaioona 
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solution further proved this feet. The formation of a methyl ester TCme (analysed for 
molecular formula C 31 H 50 O 4 , ni.p. 193° and M'" 486(EIMS) on methylation with CH 2 N 2 , 
confirmed the presence of carboxylic group. 

POSITION OF -COOH GROUP: 

On heating triterpenoid, TC gave a dccarboxylatcd product, 'fCdy 
(analysed for molecular iorniula CzylUsOi, m.p. 180°, M 428, (blMS). In llic H NMi^ 
spectrum, decarboxylated triterpenoid TCdy, showed a signal at 5 2.54 (m, IH) for H-17 
proton, while, no such peak for H-17 was observed in the spectra of mono methylated 
diacetyl derivative (TCac), thus, proving the presence of -COOH group at C-17 position, 
which was further confirmed by the 'H NMR peak at 5 3.66 (s, 3H) for -COOMe 

group''^’'*' of its mono methylated diacctylatcd derivative. 

PIUE-SENCE OF -OH GROUP (S): 

In the Infra Red spectrum of the triterpenoid TC, emergence of a peak 

at 3575 cm’‘ shov/ed the presence of -OH groups. No. of OH groups w'ere 

determined by acetylation of its monomethyl ester (TCme) with Ae^O/pyr, when it 
yielded an acetylated product (TCac) with molecular formula C 35 H 54 O 6 , m.p. 258°, 

570 EIMS. By using the Weisenberger process as described by Belcher and Godbert , 
compound TCao showed two acetyl groups (14.85%), thus, confirming tire presence of 

two -OH groups in the compound TC. 

POSITION AN!) NATURF OF -<>H 

In the 'H NMR spectrum of the diacetylated monomethyl ester 

derivative (TCac), a peak at 6 3.22 (IH, dd. J = 10.2. 9.0 Hz, Carbinylic proton at H-21). 
another peak at 5 4.03 (1 II. dd, MO and 5 IIz, Mcthcnic proton at 11-3) and two .singlcOs 
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at 52.01 (3H, C-3, -OAc) and 62.10 (3H, C-21 OAc) indicated the position of —OH 
groups at C-3 and C-21 and their secondary nature. 

Monomethy] c.stcr of compound TC gave an oxidation product (TCop); 
luolcouhir I'onniilti C„II.|„r).|. ni.ir i f,?. 16.1", m' /pp) {iviM.S), whni si w.r. uKicii-ird with 

Cr03 / pyridine. Compound TCop gave dihydrazone derivative on reaction with 2,4- 
dinitro phenyl hydrazine, thus, confirming the oxidation product to be diketo derivative 
and indicated towards the secondary nature of both the -OH groups of the triteipenoid 
TC. The Zimmermann test'^’ (a specific test for C-3 keto group) of the compound TCop 
gave positive results, which further corroborated the position of one keto group at C-3 
position. Therefore, OH groups were assigned at C-3 and C-21 in the compound TC. 

A tentative structure to the compound TC is given on the basis of 
positions of -OH groups as below : 



OF METHYL GROUP(s) 


In the IR spectrum of compound TC, peaks at v' 


presence of methyl group(s). 


The IH NMR peaks at S o.77, 0.86, 0.93, 0.96, o.98, 1.02 and 1.08 


(each 3H, s) of acetylated derivative (TCac) were in accordance with the oleananc type (|3 


amyrin) of skeleton 


rhus, the positions of seven methyl groups were established at 


Taking the above Ihcts in the consideration the structure of triterpenoid 


TC was given as (1): 3, 21-dihydroxy - clean - 12 - en - 28 - oic acid which is given 


coou 




The above structure of compound TC was found to be in complete conformity with its 
IR, 'H NMR, '^C NMR and Mass spectral studies. 

NMR SPECTRUM OF DIACETYLATFJ) METHYL ESTER OF THE 
TRITERFENOiD (TCac): 

In the IH NMR spectrum of diacctylated methyl ester of TC, some 
important peaks were obtained, which were interpreted to establish the structural 
assignments with the help of available literature which are given in the Table 3 (Fig 
2 ). 

Tabic 2 


S. No. 

5 Value 

No. of 

protons 

Pattern 

J Value in Structural 

Hz Assignments 

1. 

0.77 

3 

s 

Me group 

2. 

0.86 

3 

s 

Me group 

3. 

0.93 

3 

s 

Me group 

4. 

0.96 

3 

s 

Me group 

5. 

0.98 

3 

s 

Me group 

6. 

1.02 

3 

s 

Me group 

7. 

1.08 

3 

s 

Me group 

8. 

1.22-1.98 

18 

m 

Polymethyl- 

cne and , 

methyl CH 2 

and CH 

9. 

2.01 

3 

■ ' s 

C-3 OAc 


F * 


I 
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COOMe at 


Mcthinc 


proton at 


proton at 


13 C NMR SPECTRUM OF THE COMPOUND TC: 

In the 13 C NMR spectrum oflrilcrpcnoid I'C, significant signals were 
observed, which were interpreted with the help of available literature*' I he signals 
obtained and the structural assignments inferred with the help of this spectra are given in 
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34.4 


C-22 


22 . 



23. 

27.5 

C-23 

24. 

17.1 

C-24 

25. 

15.1 

C-25 

26 

16.1 

C-26 

27. 

25.0 

C-27 

28. 

178.4 

C-28 

29. 

34.9 

C-29 

30. 

22.6 

C-30 


MASS SPECTRUM OF THE COMPOUND TC : 

The mass spectra^^'^"’ of the compound TC further supported the 
structure 1 of the compound TC. Important fragmentation patterns obtained in the 
electron impact mass spectrum (EIMS) are given as below: 

= 472 M/z= 471, 455, 440, 410, 248, 207, 203, 190, 189, 175 and 133. 

The dilTcrcnt fragmentation pallerns obtained in the mas.s spectra of the 
compound IfC are shown in the scheme 1. 






EXPERIMENTAL 


ATION OF THE TRITERPENOID, 


COMPOUND 


The aerial parts of Celsia coromandeliana were collected from 


adjoining regions and were authenticated by the Botany Department of B.B. Science 


College Jhansi and a voucher specimen (No. flMG 1002) was deposited in the same 


department. 4.0 kg of finely powdered, plant material (aerial parts of Celsia 
coromandeliana) was extracted with methyl alcohol in a flask fitted with reflux 


with C1IC1.1, fitOAc and n- BuOll successively. The CHCI3 extract was defatted with 
hexane. The hexane insoluble portion was chromatographed on a silica gel column. This 
column was then run successively with CHCI3: CH3OH in different proportions. The 
CFICI3: CI-TrOH (97:3) portion showed a single spot on TLC examination using CHCI3: 
CH3OH (9:1) solvent system and 10% sulphuric acid as visualising agent. The details of 


column chromatography are given in 


Column Descriptions 


Length of the column 


Diameter of the column: 


HI. Amount of the Silica gel 


I V. Weight of the mass 


Fractions 


Solvents Spots on TLC 


Substance 




C 'liiornfonu: 

Methano!: 

Plate 



!. 

i -« ' 

99; 1 

4 

Mi.Hturc of4 






compounds and 

1 





rejected. 

j 

2. 

9-16 

97:3 

. 1 

White cream 






amoiphous 






compound. 

1 

3, 

17-24 

95:5 

o 

Mixture of 






three comps. 






Rejected 



The Ilf. value of fractions (9-16) was found to be same, thus, they were 
mixed together. After evaporating the solvent, a white-cream amorphous residue was 
obtained which was examined by TLC. It was purified by crystallising it with methanol 
when it yielded colourless; needle shaped crystals of the compound fC. The compound 

TC showed the entire characteristic reactions of Triterpenoids. 


STUDY OF TRITERFICNOII) 'I'C: 

It was studied for molecular formula C^qI-U^O^, m.p. 292-293°, and M 
472 (EIMS). It gave all the characteristic reactions of triterpenoids and was soluble in 
methanol. 
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ELEMENTAL ANALYSIS OF TRITERPENOID TC: 


FOUND 


C-- 76.41 


H =10.28 


CALCUL.YI'ED 


C = 76.26 


Molecular Weight = 472 (EIMS). 


COLOUR REACTIONS OF TRiTERPENOID TC: 


It gave all the characteristic colour reactions. 


SALKOWASKI REACTION: 


This test was performed in the similai' manner as described in Chapter 


4 on page no. 1 34 of this thesis. 


NOLLER’S REACTION 


The procedure adopted for this test was similar as described in the 


Chapter 4 on page no. 135 of this thesis. 


TSCHUGAEV REACTION 


This test was done in the similar way as reported in Chapter 4 on page 


no. 135 of this thesis. 

PREPARATION OF MElllYL DERIVATIVE {TCmc ) OF 'rRITERPENOID : 

To the 300 mg of trilcrpcnoid 'I'C .solution in ether, ethereal solution of 
diazomcthanc was added with constant cooling until a yellow colour was produced. I he 
reaction mixture was washed with water and sodium carbonate solution and dried over 
anhydrous sodium sulphate. The solvent was removed and the residue obtained was 
subjected to column chromatography on Si -gel-using McOH: AcOH (3:1) as eluant. The 
homogenous residue obtained was recrystallised with methanol to get 260 mg of methyl 




ester derivative (TCme) of triterpenoid TC. The molecular formula and m.p. I93°of 
TCmc were found to be C 31 1 IsoO/j respectively. 

ELEMENTAL ANALYSIS OF METHYL ESTER (TCme) : 


FOUNO 


CALCULA'FED 


C = 76.86 


C = 76.54 


11 = 10.40 


10.29 


Molecular Weight = 486 (EIMS) 


PREPARATION OF DIACETYL DERIVATIVE (TCac) OF METHYL ESTER 
DERIVATIVE OF TRITERPENOID ('fCmc): 

The acetylation of metlryl ester of triterpenoid was performed by taking 
200 mg of TCme with 10 ml of acetic anhydride and 10 ml of pyridine in a round 
bottomed flask fitted with reflux condenser and refluxing the contents on a water bath for 
about 4 hours. I'hcn reaction mixture was cooled and poured into the ice cold water to get 
a precipitate, which was extracted with ether in a separatory funnel. The ethereal layer 
was washed with sodium bicarbonate, dried and the solvent was removed to yield a 
colourless acetylated derivative (165 mg ) which was recrystallised with acetone. It was 
analysed for the molecular formula C 35 H 54 O 6 ) m.p. 258° and M 570(EIMS) 


ELEMENTAL ANALYSIS OF TCac: 


FOUND 


C ■• = 73.97 


CALCULATED 


C - 73.68 


H= 9.55 


H = 9.48 


Molecular Weight = 570 (EIMS) 


OXIDATION OF THE METHYL ESTER OF TRITERPENOID (TCme): 


The methyl ester of triterpenoid, TCme (30 mg) was oxidised by taking 
it with 1 0 ml of 80% acetic acid in a round bottomed flask and a solution of 200 mg of 
CrOi in 10 ml of pyridine was added to this reaction mixture with constant cooling till a 
fast orange colour was obtained. The oxidation product (TCop) was obtained after 
filtration that was dried to get a crystalline mass. It was analysed for mol. formula 


C,iII.ir,(fi. m.p, 162-163” mul M' 482 (MIMS) imcl rcspoiulcd pofiilivcly to the 
Zimmermann test for keto group presence. 

ELEMENTAL ANALYSIS OF OXIDATION PRODUCT OF TRITERPENOID TC 


(TCop): 

FOUND 
C = 76.91 
^ H= 9.55 

Molecular Weight = 482 (EIMS) 


CALCULATED 
C = 77.17 
H= 9.54 


ZIMMERMANN TEST: 

This test was performed in a similar manner as reported in Chapter 4 on 
page no. 137 of this thesis. 

FORMATION OF DHIYDRAZONE DERIVATIVE OF TCop: 

Dihydrozone derivative of TCop was formed in a similar manner as 

described in Chaptei 4 on page no. 137 of this thesis 




RICFliRF.NCES 


1. Dulhic, .1. 1'.; “I'lora of the Upper Gangctic Plains” Vol. 11, Publ. BoUiiiical Survey of 
India, Calcutta, 15, 1960. 

2. Chopra, R. N., Nayar, S. L. and Chopra, I. C., “Glossary of Indian Medicinal Plants” 
Publ. C. S. I. R. N. Delhi, 147, 1956. 

3. Sen, A. B. and Choudhary, A. R., J. Ind. Chem.Soc., 47(1), 1063, 1970. 

4. Agrawal, S. K. and Raslogi, R. P., Indian J. Cliem., 12(3), 304, 1974. 

5. Agrawal, S. K, and Ra.stogi, R. P., Indian d. Chem., 12(9), 907, 1974. 

6. Salkowaski, E., Hoppe. Seyl. Z., 57, 521, 1908. 

7. Tschugaev, Chem. Zig., 24, 542, (1900). 

8. Brieskorn, C. H. and Mehram, G. H., Natruwiss, 47, 107, 1960. 

9. Conley, R. T., ‘infrared Spectroscopy” llnd cd. Allyn and Bacon, Boston, 1972. 

y ] 0 . Dyer, J. R., “Applications of Absorption Spectroscopy of Organic Compounds llnd 

ed., Printice Hall of India Ltd., New Delhi, (1984). 

11. Rao, C. N. R., Chemical Application of Infrared Spectroscopy” John Willey, New 


York(ll. S. A.)(l%3). 

12. Begum, S., Farhat, Siddiqui, B. S.../. Nal. Prod., 60 (1), 20-23, 1997. 

13. Kang, S. S., Ahn, B. i'., Kim, J. S. and Bae, K. H., ./. Nai. Prod., 61(2), 299-300, 

1998. 

14. Konoshima, T., Fukushima, H., Inui, H., Sato, K. and Sawada, T., Phytochemistry, 
20,139,1998. 

15 . Belcher, R., Pildes, J. F. and Nottcr, A., Anal. Chemical Acta. 13, 16, 1935. 

16 Barton, D. H. R. and Mayo, P. D. E.,/. C/zew. Soc., 1332, 1957. 



1 /. 1 Uid/iklcwic'/., 1 1., Wilsdii, ,1. M. iiiul I )jciii;i;ii, ( .1. Am. riicm. Sue., H5, U>KK, I'Ki.l. 
/(S’. Shukla, Y. N., 'I'hakur, R. S. and I'achaly, Ik, Phylochemistry, 31 (3), 1046-1048, 




1992. 

19. Conroy, 11., “Nuclear Magnetic Resonance In Organic Structural Chemistry”, Vol. 2, 
New York, 1960. 

20. Wieberg, K. B. and Nist, B. J., “The Interpretation of NMR Spectra” N. A. Benzamin 
New York, 1962. 

21. Stothers, J. B., “Carbon 13 NMR Spectroscopy”, Academic Press, New York, 1972. 

22. Budzikiewicz, I-l., Wilson, J. M. and Djerassi, C.,J. Am. Chem. Soc., 85, 3688, 1963. 

23. Ogunkoya, L., Phytochemistry, 20, 121-126, 1981. 




PHYTOCHEMISTRY 

Chemistry Biochemistry Molecular Biology 

Editor: UK. .•Mrica & the Commonwealtli 
Prof. G. P. Bohvell 

Tel Fa\: -44 (0) l'i'S4 443 23‘') 

Pa_\; —44 (0) 1784 4j4 o26 

E-mail: ph>iochemistr\@rhbnc.ac.uk 


Phytochemistry 
329b Bourne Building 
Royal J lolloway 
University of London 
Egham, Surrey 
TW20 OEX, UK 



Wednesday ,-‘ Fcp^ 20 .2000 


Dr. Harimohan M Gupta 
Department of Chemistr\- 
Bipin Bihari Science College 
.Ihansi. 284 001 (L P) 

. India 

RE; Manuscript #U KOI 0/00 


Dear Dr. Gupta. . 

Thank you for submitting your manuscript entitled 

-6-[2■^H>■d^oxy.3■^meAylbu.>^]que^ce.in■7-0-(2■■^gaUoyl)-be.a-D-gluco^^^^^^^ 

from Kickxia ramosissima 

Ph inrhemistrN- I have assumed responsibility for its editorial review. Please include a 
referenced the manuscript number #UK0 10/00 in all communicattons with the journal 

offices regarding your paper. 

Our recorded date of submission isO V19/2K-You will be hearing from us as soon as 
n^areible with regards to the o..tcome tbf the review process. 


Sincerely >'Ours. 




Prof. G. Paul Bohvell 




Editor 


6 - [2" - HYDROXY - 3" - METHYL BUTYL] QUERCETIN - 7 - O - (2'" - 

GALLOYL)- 

13 - D - GLUCOPYRANOSIDE FROM KICKXIA RAMOSISSIMA 

HARIMOHAN GUPTA* and NEERAJ SRIVASTAVA 
Department of Chemistry, Bipin Bihari Seience Collage, Jhansi 284 001 (U.P.) INDIA 

Key Word Index Yiickxia ramosissima, Unarm ramosissima; Scrophulariaceae ; 6 - 
[2" - hydroxy - 3" - methyl butyl] quercetin - 7 - 0 - (2'" - galloyl) -p - D - 
glucopyranoside, quercetin glycoside. 

Abstract 

The ethyl acetate soluble fractions of aerial parts of Kickxia ramosissima (Wall.) 
Janchen Syn. Linaria ramosissima Wall. (Srophulariaccac) yielded a micro-crystalline 
compound identified as 6 - [2" - hydroxy - 3" - methyl butyl] quercetin -1- 0- (2"' - 
galloyl) - P - D - glucopyranoside by spectral analysis and chemical reactions. 


INTRODUCTION 

Kicbcia ramosissima (Wall.) Janchen syn. Linaria ramosissima (fam. 
Scrophulariaceae) occurs throughout India in cracks and fissures of old buildings and is 

used in the treatment of hyperglycemia. [ 1 ] 

In current phytochemical investigations on local plants, the authors, herein, report 

the presence of a novel flavonoid glycoside. 6 - [2" - hydroxy - 3" - methyl butyl] 
quercetin - 7 - O - (2'" - galloyl) - |3 - D - glucopyranoside, idenliried on the basis of 


spectral and chemical evidences. 


RESULTS AND DISCUSSION 



Compound 1 (C 33 H 34 O 17 ) obtained as a yellowish microcrystalline substance, 
showing +ve Shinoda test [2] and Molisch’s test for flavonoids and sugars respectively 
indicating flavonoidal and glycosidic nature of compound. The UV 267 and 368 

run indicated a flavonoidal skeleton. The IR peak 3400 cm’’ pointed towards the presence 
of OH group(s). The peracetylation of compound 1 (NaOAc + AcaO) yielded a derivative 
which was found to be undecaacetate by the Wisenberger method, due to 1 1 OH groups. 
The appearance of chemical shifts at 5 2.01 - 2.59 integrating for 33 protons, which 
confirmed the presence of 1 1 OH groups in the molecule. 

Presence of Acylation 

The downfield chemical shift in ‘H NMR spectrum of glycoside 1 at 5 5.10 was 
an indication of acylation [3]. It was confirmed by alkalline hydrolysis ( 2 %NaOMe) [4], 
yielding methyl ester of gallic acid and the compound 2. Pcnncthylation ol 1 followed by 
acid hydrolysis led to the conclusion that the attachment of gallic acid was at C-2 of D- 
glucose. In the IR spectrum of glycoside 1, a peak at 1715 cm’’ exhibited the C=0 
streatching absorption band of ester group, pointing towards the ester linkage between D- 
glucose and galloyl group. Two aromatic protons at 5 7.14 were attributable to a galloyl 

group (2H, S, H-2"" and H -6 ). 

The compoimd 2 (CjsHaoO,,). responding all the tests of Havonoids and 
glycosides, on acid hydrolysis, furnished sugar in hydrolysate and a aglycone 3. The 
sugar was identified on Co-PC as D-glucoso and the r.-,lio between glucHC .and aglycone 
was found to be 1:1 by the 'H NMR and "C NMR data. Pemethylation followed by aeid 
hydrolysis, of compound 2, indicated the pyranose form of glucose and the attachment of 
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aglycone at C-l'" of D-glucose. This was further confirmed by the anomeric proton peak 
at 5 5.51. The P glucosidic linkage in glucoside 2 was proved by the enzymatic 
hydrolysis. 

The compound 3 formed a hexa acetate (€ 321132014 ) .showing six OH 
groups. By colour reactions [5, 6] and characteristic UV absorption maxima at 268 and 
365 nm, the flavone skeleton was established. A 53 nm bathochromic shift in band 1 in 
presence of AICI 3 /HCI indicated the free 3-OH and 5-OH groups. On addition of 
NaOMe, appearance of a new band at 325 nm, suggested the presence of 7-011 group. It 
was further corroborated by a bathochromic shift of 15 nm with NaOAc [7]. Absence of 
these bands in glycoside suggested the 7 - 0 -glycosidic linkage. 

Presence and Position of 2 " - Hydroxy - 3" - Methyl Butyl Moiety 



The IH NMR spectrum of (3) was almost similar to that of quercetin with an 
exception due to signals attributable to a 2 " - hydroxy - 3" - methyl butyl moiety [5 1.63, 
3H, d, H-5"; 1.69, 3H, d, H-4"; 3.10, 2H, m, H-l"; 4.23, IH, m, H-2"; 3.90, m, IH, H-3"]. 
The location of hydroxy prenyl substituent at C - 6 of 3 was assigned by comparison of 
NMR chemical shift of C - 6 and C - 8 (107.3 and 94.3 respectively) with those for 
quercetin and 6 or 8 substituted 5,7 - dihydroxy flavones. [3, 8 , 9, 10]. A signal at 5 6.70 
(IH, S) was due to the proton of position 8 of ring A [ll]. This also suggested the 
trisubstituted nature of ring A and confirmed the position of hydroxy prenyl substituent at 
C - 6 . The presence of a 3', 4' - diOH system was evidenced by a second peak at 267 
(sh) nm in the UV spectrum. Signals at 8 6.80 (IH, d, J “ 8 5 H/., H - 5 ) 7.40 (HI, dd, J 
= 2.2 and 8.5 Hz. H - 6 ') and 7.52 (IH, d, J = 2.2 Hz) arc identical to that of disubstituted 

B ring protons of a quercetin unit. [3] 
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The spectral data matched with the available literature indicated the compound 3 
to be 6 - ( 2 " - hydroxy - 3" - methyl butyl) quercetin. The compound 2 was 7 - 0 - p - D 

- glucosidc of compound 3. Thus finally the structure of 1 could be ascertained as 6 - [ 2 " 

- hydroxy - 3" - methyl butyl] quercetin - 7 - 0 - (2"' - galloyl) - p - D - 
glucopyranoside. 

EXPERIMENTAL 

The aerial parts of K. ramosissima were collected from the adjoining regions and 
were identified by the Botany Department of this college. A voucher specimen was 
deposited in the same Department. 

Extraction and Isolation 

Air dried and finely powdered aerial parts (3.0 kg.) of K. ramosissima were 
soxhlet extracted with 95% MeOH. The concentrated MeOH extract was dissolved in 
cold H 2 O and the solution successively partitioned with n hexane, C 6 H 6 , CIICI 3 and 
EtOAc. The concentrated EtOAc soluble part was chromatographed over a silica gel 
column (5 x 90 cm.), eluting with CHCI 3 : MeOH with increasing polarity. The CHCh : 
MeOH(4 : 6 )partgave 1. 

Compound (1) Crystallization with MeOH yielded a yellow coloured microcrystalline 
powdered compound 1. (Found C: 56.44, H : 4.86, Cal. C : 56.41, H : 4.84) analysed for 
C 33 H 34 O 17 , 702, UV nm 257, 267 (sh), 368; (+ NaOMe) 293, 362, 452 

(dec.); (+AICI 3 ) 263 (sh), 273, 338, 453; (+ AICI 3 + HCl) 268, 302 (sh), 365, 422 (dec.); 
(+ NaOAc) 258, 379, 430 (sh) (dec.). IR 3400, 2915, 1715, 1668, 1648, 1605, 

1510, 1380, 1370, 1280, 1220, 1148, 823 cm EIMS, m/z, 702, [M ], 577, [M 125], 
550, 388, 370 [388 - 18], 355, 315 [388-73], 314, 301 [388 - 87], 272 [301 - 29], 153, 
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137, 135, 125. ‘^CNMR ; 158.4(s, C - 2), 135.8 (s, C - 3), 178.7(s, C - 4), 162.6 (s, C - 
5), 107.5 (s, C - 6), 167.8 (s, C - 7), 94.5 (d, C - 8), 158.6 (s, C - 9), 105.4 (s, C - 10), 
122.9 (s, C - 1'), 1 16.4 (d, C - 2'), 145.8 (s, C - 3'), 148.2 (s, C - 4'), 1 15.6 (d, C - 5'), 
122.9 (d, C - 6'), 30.8 (t, C - 1"), 77.4 (d, C - 2"), 30.1 (d, C - 3"), 25.3 (q. C - 4"), 18.1 
(q, C - 5"), 104.5 (d, C - 1"'), 74.1 (d, C - 2'"), 78.3 (d, C - 3"'), 72.3 (d, C - 4"'), 77.2 (d, 

C - 5 "'), 62.5 (t, C - 6"'), 121.1 (s, C - 1""), 1 10.7 (d, C - 2 "", C - 6""), 146.5 (s, C - 3"", 
C- 5""), 140.1 (s,C-4""). 

Acetylation of 1 Compound 1 heated with fused sod. acetate and acetic anhydride at 
130° for 6 hrs and worked up as usual, yielded an undecaacetate, (Found C : 56.66, H : 
4.83 ; cal. C : 56.70, H : 4.81) analysed for CssHsfiOag, 'H NMR (CDCl 3 , 6 o MHzl 5 6.70 
(s, IH, H - 8 ), 7.52 (d,lH, 2.2 Hz, H - 2'), 7.40 (dd, 1 II, 2.2 and 8.5 Hz., H - 6 % 6.80 (d, 
IH, 8.5Hz., H - 5'), 2.40 (s, 3H, 3' - OAc), 2.35 (s, 3H, 4' - OAc), 2.41 (s, 3H, 3 - OAc), 
2.47 (s,3H, 5 - OAc), 3.10 (m, 2H, H - 1"), 4.23 (m, IH, H - 2"), 3.90 (m, IH, H - 3 ), 
1.69 (d, 3H, H - 4"), 1.63 (d, 3H, H - 5"), 2.23 (s, 3H, 3" - OAc), 4.30 - 4.84 (m, 5H - 

protons of sugar), 5.51 (d, IH, 7 Hz., Anomeric proton of sugar), 5.10 (dd, IH, 7.7HzC- 

2 "'), 2.51 (s, 3H, 6'" - OAc), 2.15 (s, 3H, 3"' - OAc), 2.01 (s, 311, 4'" - OAC), 7.16 (s, 2H 
galloyl H - 2 "", H - 6""), 2.30 (s, 6H, 3"" and 5"" - OAc), 2.49 (s, 3H,4"" - OAc). 
Alkaline Hydrolysis of 1. Compound 1 was dissolved in MeOH and aOer adding 2% 
NaOMe, it was kept overnight. The reaction mixture was concentrated under vaccum 
after neutralizing it with dilute HOAc. An Et,0 soluble part yielded methyl ester of gallic 
acid. The spectral data of which were found to be identical with the published paper [12]. 
The EfeO insoluble part was a yellowish amorphous substance 2, C26H3oO,3 


(found C : 56.77, H : 5.43, Cal. C : 56.73, H : 5.45) ElMS [Ml 550, UV nm. 









■s 
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258, 270 (sh), 370; (+NaoMe) :290, 365, 455 (dec.) (+AICI3) 263 (sh), 274, 340, 456, 
(+AICI3 +HC1) : 269, 304 (sh), 367, 421 (+NaOAc) 257, 379, 430 (sh) (dec.) ; IR 
3405, 2915, 1665, 1646, 1605, 1510, 1382, 1372, 1280, 1220, 1152, 825 cm’' ; ElMS, 
m/z, 550 [M”"], 388, 370, [388 - 18], 355, 315, 314, 301, 272, 153, 137, 135, 125 ; '^C 
NMR 158.3 (s,C - 2), 135.4 (s,G - 3), 178.9 (s, C - 4), 162.3 (s, C - 5), 107.7 (s, C - 6), 
167.5 (s, C - 7), 94.8 (d, C - 8), 158.9 (s, C - 9), 105.1 (s, C - 10), 123.2 (s, C - 1'), 
116.7 (d, C - 2'), 146.1 (s, C - 3'), 148.8 (s, C - 4'), 1 15.9 (d, C - 5'), 122.6 (d, C - 6'), 
30.6 (t, C - 1"), 77.8 (d, C - 2"), 30.0 (d, C - 3"), 25.6 (q, C - 4"), 18.3 (q, C - 5"), 104.8 
(d, C - 1'"), 80.1 (d, C - 2"'), 76.9 (d, C - 3'"), 72.6 (d, C - 4"'), 77.5 (d, C - 5"'), 62.1 (t, C 

- 6"'). 

Compound 2, yielded an nona acetate, C44H48O22 (found C : 56.86 ; M : 5.19 , cal. C . 
56.90 ; H : 5.17), ‘H NMR (60 MHz. CDCI3) 5 6.70 (s, IH, H - 8), 7.52 (d, IH, 2.2Hz., 
H - 2'), 7.40 (dd, IH, 2.2 and 8.5Hz., H - 6'), 6.80 (d, IH, 8.5Hz., H - 5'), 2.41 (s, 3H, 3' - 
OAc), 2.37 (s, 3H, 4' - OAc), 2.43 (s, 3H , 3 - OAc), 2.46 (s. 3H, 5 - OAc), 3.12 (m, 2H. 
H - 1"), 4.22 (m, IH, H - 2"), 3.92 (m, IH, H - 3"), 1-69 (d, 3H, H - 4"), 1-63 (d, 3H, H - 
5"), 2.26 (s, 3H, H - 3" - OAc), 4.31 - 4.82 (m, 6H, - protons of sugar), 5.53 (s, H I, 7Hz., 
anomeric proton of sugar), 2.50 (s. 3H, 6'" - OAc), 2.13 (s, 3H, 3"' - OAc), 2.08 (s, 3H, 
2- - OAc), 2.03 (s, 3H. 4"' - OAc). 7.16 (s, 2H. galloyl H - 2"", H - 6""), 2.30 (s. 6H. 

3"", and 5"" - OAc), 2.48 (s, 3H, 4"" - OAc). 

Acid Hydrolysis of Compound 2. Compound 2 was hydrolysed with 7% ethanolic 
HrSO,. After refluxing for about 8 hrs., it yielded aglycone 3 on removal of ElOH. The 
hydrolysate was neutralised with BaCO, and filtered to remove BaSO,. The filtrate after 
concentration under vaeeum. was examined on PC. (Rf. 0.20) [ n - BuOH - HOAc - H,0 
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(4:1: 5)] and aniline hydrogen phthalate as spraying reagent to show the presence of D 
- glucose. 

Compound 3. Yellowish raicrocrystalline powder, (found C : 61.89 ; H : 5.14 ; Cal, C : 
61.86 ; H : 5.16), analysed for CjoHioOg, ElMS [M^ 388 ; UV nm 256, 268 (sh), 

300 (sh), 365 • (+NaOMe) 248 (sh), 325 (dec.), 418 ; (+NaOAc), 258 (sh), 283, 327, 389 
(dec.) ; (+AICI3) 274, 305 (sh), 334, 458 ; (+AICI3 + HCl) 264, 302 (sh), 360, 418 ; IR 
max, 3405, 2915, 1665, 1646, 1605, 1510, 1382, 1372, 1280, 1220, 1152, 825 cm'* ; 
ElMS, m/z 388 [M^, 370 [M^- 18], 355, 315, 314, 301, 272, 153, 137, 135, 125 ; '^C 
NMR 158.6 (s, C - 2), 135.6 (s, C - 3), 179.0 (s, C - 4), 162.5 (s, C - 5), 107.3 (s, C - 
6), 163.6 (s, C - 7), 94.3 (d, C - 8), 158.8 (s, C - 9), 105.3 (s, C - 10) ; 123.0 (s. C - 1'), 
116.8 (d, C - 2'), 146.3 (s, C-3'), 148.6 (s, C - 4'), 115.5 (d, C - 5'), 123.0 (d, C-6'), 
30.9(t, C-l"), 77.5 (d, C-2"),30.1 (d, C-3"), 25.1 (q,C-4"), 18.5 (q, C-5"). 

It formed a hexacetate C32H32O14 (found C : 60.08, H : 5.02, Cal. C . 60.0, II . 
5.0) ; ElMS (M"^) 388 ; 'H NMR (60 M Hz., CDCI3) 6.70 (s, IH, H -8), 7.52 (d, IH, 2.2 
H3) H - 2'), 7.40 (dd, IH, 2.2 and 8.5 Hz., H - 6'), 6.80 (d, IH, 8.5 Hz., H - 5'), 2.40 (3, 
3H, 3' - OAc), 2.34 (s, 3H, 4' - OAc), 2.41 (s, 3H, 3 - OAc), 2.47 (s, 3H, 5 - OAc), 2.44 
(s, 3H, 7 - OAc), 3.10 (m, 2H, H - 1"), 4.23 (m, IH, H - 2"), 3.90 (m, IH, H - 3"), 1.69 
(d, 3H, H - 4"), 1 .63 (d, 3H, H - 5"), 2.24 (s, 3H, 3" - OAc). 

Linkage of Aglycone and Gallic Acid with Sugar . 

Compound 1 with Md and AgjO in DMF was taken at room temperature and 

kept for 2 days and filtered. After drying the filtrate in vaeuo, it was hydrolysed with 22% 
ethanolic ftSor for 4 hrs. After usual workup, the methylated sugar was identified by Co 
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- Pc as 3, 4, 6 - tri - 0 methyl - D -glucose. Compound 2 was treated in the similar 
manner, to identify the methylated sugar as 2, 3, 4, 6 - tetra - 0 - methyl - D - glucose. 
Enzymatic Hydrolysis : 

Compound 2 in MeOH and an equal volume of almond emulsion solution were 
mixed and left at room temperature for 24 hrs. The hydrolysate after usual workup was 
examined on PC to show the presence of D - glucose. 
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A TRTERPENOID 


3, 21-DIHYDROXY - OLEAN - 12 - EN - 28 - OIC ACID' 


FROM CELSIA COROMANDEUANA 


HaRIMOHAN GUPTA andNEERAJ SRIVASTAVA 


Department of Chemistry, Bipin Bihari Science College, Jhansi, 284001 


ABSTRACT 


Celsia coromandeliana Vahl. (Family Scrophulariaceae) is a weed 
in cultivated grounds that occurs throughout India from Punjab to Ceylon and 
ascending to 5000 ft. on the Himalayas, extending to Afghanistan, Burma and China, 
in Sanskrit, the plant is named a.s Bhiilakesbi &. Kulahala and in Hindi, it is called as 
Gadartambaku. The juice of the leaves of this plant is sedative, astringent and is used 
in diarrhoea and dysentery. The plant juice is used in the skin eruptions and fevers. In 
this paper, we report the identification of a triterpenoid Irom the aerial parts of C. 
coromendeliana. 

The methanolic extract of the aerial parts of C. coromandeliana 


(Valil.) yielded a triterpenoid, 3, 21 -dihydroxy - olean - 12 - en - 28 - oic acid, 
molecular formula C 30 H 48 O 4 , m.p.292-293° and M" 472 (EIMS). It was soluble in 

methanol and ethanol and responded positively to all the tests of triterpenoids. 

It was characterised by the chemical studies and the spectral 


C NMR and mass spectra, 


techniques like IR, H NMR^ 


A TRTERPENOID, “3, 21-DinYl)R()XY - CLEAN - 12 - EN - 28 - QIC ACID” 


( EISIA <”OA'0/l/. IA7)/'.77,1/V, 1 
11AR1K40I1AN CiUP l'A and NUI-RAJ SRIVAS'I'AVA 

Department ofChemistry, Bipin Bihari Science College, Jhansi, 284001. 

Key Word index: Celsia corornamlelkma, Scrophulariaceae, 3, 21 -dihydroxy - oiean 
- 12 - en - 28 - oic acid, triterpenoid. 

ABSTRACT: 

A triterpenoid 3, 21 -dihydroxy - oiean 12 - en - 28 - oic acid was 
isolated from the methanolic extract of air-dried and powdered aerial parts of CeLua 
coromandelkma. The spectral analysis and chemical studies ascertained the structure 
of this compound. 


Celsia coromandelkma [rjVahl. (Family Scrophulariaceae) is a 
weed in cultivated grounds that occurs throughout India from Ptinjab to Ceylon and 
ascending to 5000 ft. on the liimalayas, extending to Afghanistan, Burma and China. 


In Sanskrit, the plant is named as Bhnlakeshi & Kulahala and in Mindi, it is called as 
Gadartambaku. The juice of leaves of this plant is sedative, astringent and is used in 
diarrhoea and dysentery. The plant juice is used in the skin eruptions and fevers [2]. 
Due to its interesting medicinal properties, the authors decided to investigate this 
plant chemically in hope of isolating and identifying some compounds related to these 

properties. 


RESULTS AND DISCUSSION 

The compound I CToI.UkO^ was soluble m methanol and ethanol and 
gave all the tests of triterpenoids [3,4]. The triterpenoidal nature was confirmed by the 
IR spectrum of the compound 1, which showed peaks at 1396, 1380 and 1320 cm . 
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The Irilcrpcnoitl was pciUacyclic in naUire liecmi.sc it gave violet colour with 2,6-di 
tertiary -butyl-p-cresol in ethanol [5]. In the IR spectrum of the compound 1, a peak 
at 1720 cm"' pointed towards the presence of-COOIi group. On methylalion with 
CH 2 N 2 , compound 1 yielded methylated ester 2; which also confirmed the presence of 
free acid group in the compound. IR spectrum (3575cm'') of the compound 1 was also 
pointing towards the presence of hydroxyl group(s) in the compound. The number of 
01 1 groups were estimated by acetylation ofmcthyl ester 2 with AcaO /pyridine, when 
it formed the acclylatcd derivative 2a; By the method of Wisenberger [6,7] two 
hydroxyl groups were established in the molecule. The compound 1 showed the 
presence of double bond bccau.se it gave positive colour test with TNM (tetra nitro 
methane) [8], which was further confirmed by the IR peaks at 3032, 1628 cm A 
peak at v 2960 cm"' pointed towards the presence of methyl groups, which were 
found to be seven in number. 

The unreactivity of the compound with I b/Pt at 280° suggested the 
presence of resistant double bond inside the ring system, ihe presence of double bond 
at 12-13 position was inferred by the high terminal absorption at 185 nm in the UV 
spectrum, which is a characteristic peak of double bond at this position in olcanane 
series of majority of triterpenes [9J. Ihis was further confirmed by the up field NMR 
peak at 5 5.24 for the vinylic proton at C -12, a downfield peak at 5 2.1 5 for the CH 2 - 
1 1 and another downfield peak at 5 2.40 for the C-18 proton [10]. In the ’^C NMR 
spectral data, the signals at 123.2 and 145.1 were attributable to the C-12 and C-13 

confirming the double bond at this position [1 1] 

The 'l l NMR spectrum of the diacctyl derivative 2a of the methyl 
ester 2 of the compound 1 indicated the position of -OH groups at position 3 (6 4.0o, 
1 H, dd, J=10 and 5 Hz, Mcthcnic proton at H-3) and 21 (8 3.22, IH, dd, .1 = 10.2, 9.0 
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Hz, Carbinylic proton at 1 1-21). Two singlets at 52.01 (3H, C-3, -OAc) and 62.10 (3H, 
C-2I OAc) indicated the position of -OM groups at C-3 and C-2i and their secondary 
nature. This wasTurllier conlirnicd by the o.xidation ofmonoincthy! ester 2, with CrOj 
/ pyridine when it gave an oxidation product 2b. Compound 2b gave dihydrazone 
derivative on reaction with 2,4- dinitro phenyl hydrazine, thus, confirming the 
oxidation product to be diketo derivative and indicated towards the secondary nature 
of botli the -Oil groups of lltc I. The Zimincrmann test (a specific test for C-3 keto 
group) [12] of the compound 2b gave positive results, which further corroborated the 
position of one keto group at C-3 position. Therefore, OM groups were assigned C-3 
and C-21 positions in the compound 1. 

On heating 1 gave a decarboxylated product, la. The 'H NMR 
spectrum of the la, showed a signal at 5 2.54 (m, IH) for H-17 proton, while, no such 
peak for H-17 was observed in the spectra of mono methylated diacetyl derivative 2a, 
thus, proving the presence of -COOH group at C-17 position. It was lurther 
confirmed by the in the appearance of 'l l NMR peak at 5 3.66 (s, 311) for -COOMc 
group [9,13] in the 2a. . In the mass spectra of compound fragment ions at 248 and 
203 during Retro - Diels - Alder cleavage further suggested the position 17 of- 
COOH group 1 1 4]. The 1 11 NMR peaks at 5 o.77, 0.86, 0.93, 0.96, o.98, 1 .02 and 1 .08 
(each 311, s) of acctylated derivative were in accordance with the oieananc type (fl 
amyrin) of skeleton [15,16]. Thus, the positions of seven methyl groups were 

established at Co.u C2^i, C2.‘;n C26, C27. C29 nnd C30. 

EX MENTAL 

The aerial parts ofC V/.v/u vonmaihielUnut were collected front llie 
adjoining regions and were identified by the Botany Department of this college. 
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Extraction and Isolation 4.0 kg oi finely powdered, plant materia! (aerial parts of 
Celsia coromandelicma) were extracted with methyl alcohol in a flask fitted with 
reflux condemser. Ihe extracts were diluted with II2O and then extracted at room 
temperature with CHCI3, EtOAc and n- BuOH successively. The CllCli extract was 
defatted with hexane. The hexane in.soiuble portion was chromatographed on a silica 
gel column, 'fhis column was then run successively with CllCfl: CllaOH in different 
proportions. The CHCl.n ClljOlI {97:3} portion showed a single spot on TLC 
examination using CilCl.): ClfiOlI (9:1) solvent system and 10% sulphuric acid as 
visualising agent. The Rf. values of fractions (9-16) was found to be same, thus, they 
were mixed together. After evaporating the solvent, a white-cream amorphous residue 
was obtained which was examined by TLC. It was purified by crystallising it with 
methanol when it yielded colourless; needle shaped crystals of the compound 1. The 
compound 1 showed the entire characteristic reactions of Triterpenoids. 

Triterpenoid 1, colourless needle shaped crystals, molecular formula C30H48O4 and M’*' 
472 (EIMS). (Found C: 76.41, H: 10.28, Cal. C : 76.26, M : 10.17) IR v 3575, 
3032, 1628, 2960, 2895, 2858, 1720, 1634, 1385, 1374, 1396, 1380, 1320, 1370 and 
823 enf' EIMS; m//. 472 [M'j, 471, 455, 440, 410, 248, 207, 203, 190, 189, 175 and 
133. ’^C NMR (300 MHz, DMSO-de) 6 39.9 (C-1), 28.7 (C-2), 77.4 (C-3), 39.8 (C-4), 
56.6 (C-5), 17.9 (C-6), 31.7 {C-1), 38.8, (C-8), 46.5, (C-9), 37.6 (C-10), 24.3, (C-1 1), 
123.2 (C-12), 145. 1(C-13), 42.9 (C-14), 27.6, (C-15), 22.6 (C-16), 47.5 (C-17), 41.7 
(C-18), 47.3 (C-19), 31.1 (C-20), 62.4 (C-21), 34.4 (C-22), 27.5 (C-23), 17.1, (C-24), 
15.1(C-25), 16.1 (C-26), 25.0 (C-27), 178.4 (C-28), 34.9 (C-29), 22.6 (C-30). 
Methylatitm of I I’he ethereal solution of 300 mg of compound 1 was methylated with 
an ethereal diazomethanc solution when a methyl ester 2 (2&0mg.) of Triterpenoid 1 
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was obtained, 'i'hc compound 2 was analysed for molecular formula C3il IsoO.) and M*' 
486 (EIMS). [Found C; 76.98, 11:1 0.37, Cal. C; 76.54, 11:1 0.28]. 

'I'he methyl ester 2 (200mg.) was acctylated with AcoO/pyridinc, when a acetylated 
derivative 2a (165 mg) was obtained. In the acctylated derivative two Of! groups 
were estimated by the method of Wisenherger. 'fhe compound 2a was analysed for 
the molecular formula, Cjd fviOf, and M' 570 lilMS. [Found C: 73.97, il: 9.55, Cal. 
C: 73.68, H: 9.48] HI NMR .spectrum (CDCI3, 60 Mllz) 6 o.77 (s, 3 11, Me), 0.86 (s, 
3H, Me), 0.93 (s, 3H, Me), 0.96 (s, 3H, Me), o.98 (s, 31!, Me), 1.02 (s, 3H, Me), 1.08 
(s, 3H, Me), 1.22-1.98 (m, 18 H, polymelhylene and methyl CH2 and CM), 2.01 (s, 
3H, C-3 OAc), 2.10 (s, 3H, C-21 OAc), 2.15, (t, 2H, CH2-1 1), 2.51 (dd, IH, 3.6, 9.6 
Hz., H-18), 3.22 (dd, HI, 9.0, 10.2 Hz., Carbinylic proton at C-21), 3.66 (s, 3H, 
COOMe at C-17), 4.03 (dd, IH, 5, 10 Hz., mcthinc proton at C-3), 5.24 (dd, IH, 6.9, 
10.1 Hz., vinylic proton at C-1 2). 

I'he methyl ester of Iriterpenoid, 2 (30 mg) was o.xidi.sed by taking it with 10 ml of 
80% acetic acid and a solution of 200 mg of Cr03 in 10 ml of pyridine was added to 
this reaction mi.xlurc with constant cooling till a last orange colour was obltdncd. I he 
oxidation product (2b), obtained alter liltration, was dried to get a ciystallinc mass. It 
responded positively to the Zimmermann test for kelo gioup picscncc. 
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ECHINOCYSTIC ACID -3-O-P-D-GALACTOPYRANOSlDE FROM ZIZIPHUS 

NUMMULARIA 
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Key Word Index: Ziziphus nummularia, Rhamnaceae, echinocystic acid -3-0-p-D- 
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Abstract: 

The ethanolic extract of finely powdered stems of Ziziphus nummularia 
(Fam. Rhamnaceae) yielded colorless crystals of a triterpenoid saponin 1 , identified as 
“echinocystic acid -3-0-P-D-galactopyranoside” by spectral analysis and chemical 

reactions. 


INTRODUCTION 

Ziziphus nummularia is a thorny small bush or shrub and belongs to the 
family Rhamnaceae. It is commonly found in the arid and semiand regions of Indian 
subcontinent.^’^ The plant in the vernacular language is known as Jhadiaher and is used 

as a folk medicine in the tropical and semitropical countries. The fruits are cooling and 
astringent and are used in the bilious affectionsl The leaves of Z nummularia are applied 
to scabies and boils^ and the dried leaves are burnt to inhale the smoke, which is useful m 
the treatment of coughs and cold.' Due to its interesting medicinal properties, the authors 
decided to investigate this plant chemically in hope of some compounds related to these 



properties. 


RESULTS AND DISCUSSION 


* 4 

The compound 1 CseHsgOg, gave positive tests for saponins . 
Appearance of peaks at 1352 and 1345 cm"' in the IR spectrum and the positive tests of 
triterpenoidal saponins were an indication of the presence of triterpcnoidal nucleus, 
which was pentacyclic in nature because it gave violet colour with 2,6-di tertiary -butyl- 
p-cresol in ethanol'. The saponin gave positive colour test with TNM (tetra nitro 
methane) and showed IR peaks at 3030 and 1625 cm'* to prove the presence of double 
bond. The IR spectrum of the compound 1 showed the presence of a free acid group, 
methyl groups and hydroxyl group due to the appearance of peaks at 1725, 2930 and 
3410 cm"' respectively. On methylation with CH2N2, saponin 1 yielded a methylated ester 
la, which confirmed the presence of free acid group in the compound. The number of 
OH groups were estimated by acetylation of methyl ester la with AC2O /pyridine, to form 
the acetylated derivative lb. By the method of Wisenberger^’’®, five hydroxyl groups 
were established in the molecule. 

The compound 1, on hydrolysis with 2 N H2SO4, yielded sugar(s) and a 
sapogenin 2. The sapogenin 2, gave all the colour reactions of triterpenoids"’'l The IR 
spectrum of the sapogenin 2 also suggested the presence of hydroxyl group, double bond, 
acidic group and methyl groups. The 'H NMR spectrum of the diacetyl derivative (2b) of 
the methyl ester (2a) of the sapogenin 2, mdicated the position of -OH groups at C-3 and 
C-16 and their configuration as p and a respectively due to the peaks at 8 3.05 (dd, J = 
10.3, 9.0 Hz, H-16a), 8 3.88 (dd, J=11.4, 4.6Hz, H-3 P)>^ 82.20 (3H, C-16 a, -OAc) .nd 
82.08 (3H, C-3 P, OAc). C-16 -OH group was assigned a configuration due to 
downfield shift of Me-27 proton at 8 1.25 (s)‘^’‘V and C-3 -OH was assigned P 

2 / 

0 , ^ ■ 



configuration because of its large coupling constant (dd, J = 11.4, 4.61 The 

sapogenin 2 showed high terminal absorption at 188 nm, which is a characteristic of Il- 
ls double bond in most of the triterpenes of oleananc series A upfield shift’^ at 5 5.32 
for vinyl proton H-12, a downfield shift at 5 2.21 for H-1 1 and a peak at 6 2.18 for H-18 
were clearly indicating the presence of double bond at 12-13. in the '^C NMR spectral 
data, the signals at 124 and 143.7 were also attributable to the C-12 and C-13''*, The 
Seven-methyl groups were shown to be present in the molecule. The IH NMR spectral 
data [5 o.80, 0.84, 0.87, 0.91, 0.93, 1.01 and 1.26 (each 3H, s)] was in accordance with 
oleanane type skeleton , thus the positions of methyl groups were assigned at C-23, 
C-24, C-25, C-26, C-27, C-29 and C-30. The sapogenin 2 on decarboxylation yielded a 
decarboxylated sapogenin 2c; molecular formula CaglUsOa, m.p. 194°, M 428 (EIMS). 
The NMR spectrum of 2c, exhibited a signal at 5 2.63 (m, IH) for H-1 7, whereas, no 
such peak for H-1 7 was observed in the spectra of mono methylated diacetyl derivative 
2b, thus, corroborating the presence of-COOH group at C-1 7 position. This position was 
further confirmed by the emergence of a ‘H NMR peak at 6 3.60 (s, 3H) for -COOMe 
group'*’*® of its mono methylated diacetyl derivative, 2b. In the mass spectra of 
compound fragment ions at 248 and 203 during Retro - Diels - Alder cleavage further 

suggested the position 17 of-COOH group . 

The saponin 1 on alkaline hydrolysis did not produce any sugar, thus 

the possibility of linkage of sugar moiety through -COOH group was cancelled^'. The C- 
16 position of linkage was also not possible because of highly sterically hindered position 
of CirOH groups. Therefore, lone possibility of linkage of sugar with sapogenin was 

through —OH at position C3. 
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V. 


The only sugar was found to be D ~ galactose by the paper 
cliromatography on Whatmann no, 1 filter paper. The presence of D- galactose (Rf. 0.19) 

' I 23 

as only sugar moiety was confirmed by the Co PC and Co TLC with authentic sample 
and '^C NMR spectral data. The D-galactose was present in the pyranose form, which 
was confirmed by the permethylation^'* followed by the acid hydrolysis of the saponin 1 . 
The presence of 2,3 ,4,6- tetra -0-methyl -D- galactose (authenticated by the Co PC 
and Co TLC) in the hydrolysate was a good confirmation of this fact. This also suggested 
that the C-1 position of the D-galactose be involved in the glycosidic linkage, which was 
further confirmed by the anomeric proton peak at 6 4.46. The configuration of glycosidic 
linkage was established as p from the enzymatic hydrolysis and coupling constant of 
anomeric proton (J = 7.0 Hz.) . 

The above-discussed facts corroborated the structure of the compound 

as, Echinocystic acid-3-O-p-D-galactopyranoside. 

EXPERIMENTAL 

The stems of Ziziphus nummularia were collected from the adjoining 
regions and were identified by the Botany Department of this college. 

Extraction and Isolation The plant material (stems of Ziziphus nummularia) were dried, 
finely powdered then extracted with 80% ethyl alcohol. The extract was concentrated 
under reduced pressure to get a dark brown viscous mass (850 mg.). This residue was 
partitioned between EtjO and water. The aq. layer was extracted with EtOAc followed by 
n- BuOH saturated with water. The n- BuOH fraction was subjected to chromatography 
on a silica gel column eluted with CHCE-MeOH-HzO in different ratios giving 46 
fractions. Frs 21-36 were rechromatographed on a silica gel column eluted with CHCb- 
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EtOAc-MeOH (2:1:2) to afford compound 1 . The colourless crystals of compound I were 
obtained on crystallisation with Me 2 CO. 

Saponin 1, colourless crystals, (Found C: 68.36, H: 9.01, Cal. C : 68.14, 11 : 9.15,) 
analysed for CseHsgOg , 634; IR v 3410, 3030,1625, 2935, 1725, 1630, 1370, 

1352, 1345, 1057, 1104, 810 cm'’ EIMS; m/z 634 [M*] 472, 440, 427, 248, 207, 203, 
190, 189, 175 and 133. ’^C NMR (300 MHz, DMSO-d*) 5 40.I(C-1), 28.1(C-2), 90.5(C- 
3), 40.6(C-4), 57.1(C-5), 17.3(C-6), 33.4(C-7), 39.3(C-8), 48.9(C-9), 37.8(C-10), 24.7(C- 
11), 123.9(C-12), 145.3(C-13), 43.5(C-14), 28.9(C-15), 66.2(C-16), 48.1(C-17), 42.1(C- 
18), 47.0(C-19), 30.5(C-20), 35.6(C-21), 34.1(C-22), 28.5(C-23), 17.2(C-24), 16.6(C-25), 
17.8(C-26), 26.4(C-27), 176.8(C-28), 34.7(C-29), 23.7(C-30), 103.7(0-1’), 74.2(C-2’), 
76.8(C-3’), 74.9(C-4’), 76.0(C-5’), 61.7(C-6’). 

The ethereal solution of 40 mg of compound 1 was methylated with an ethereal 
diazomethane solution when a methyl ester (la) (30 mg.) of saponin 1 was obtained. 
Methyl ester of saponin la analysed for molecular formula, C 37 H 60 O 9 and M^ 648 
(EIMS). [Found C: 68.18 %, H: 9.35 %, Cal. C: 68.52 %, H: 9.26 %] 

The methyl ester la (25 mg.) was acetylated with AczO/pyridine, when an acetylated 
derivative lb (18 mg) was obtained. The compound lb analysed for the molecular 
formula, C 47 H 70 O 14 and M^ 859 EIMS.[Found C: 65.5, H: 8.29, Cal. C: 65.73, H: 8.16] 
'H NMR spectrum (CDCI 3 , GO MHz) 6 0.98 (s, 3H, C-23), 0.8 l(s, 3H, C-24), 0.88 (s, 3H, 
C-25), 0.87(s, 3H, C-26), 1.12(s, 3 H, C-27), 0 . 86 (s, 3H, C-29), 0.95(s, 3 H, C-30), 1.15- 
2.05(m, 18H, polymethylene and methyl CH 2 and CH), 5.25(dd, IH, 4.9Hz, 12-13 double 
bond), 3.1 2(dd, IH, 8.14, 8.0 Hz., C-3 H), 3.04(dd, IH, 10.25, 9.10 Hz, C16-1H), 3.22(s, 
3H, -COOCH 3 ), 2.01(s, 3H, 16-OAc), 2.19(d, IH, 4.2Hz., 18p-lll), 2.16(dd, 211, 4.3 Hz., 
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CH2-11), 3.66-4.26(m, 6H, Protons of sugar moiety), 4. 46 (d, IH, 7 Hz, 1' anomeric 
proton), 2.02(s, 3H, 2' OAc), 2.01(s, 3H, 3'OAc) 1.94(s, 3H, 4'OAc) and 1.98 (s, 3H, 6' 
OAc). 

The compound 1 (900 mg.) was hydrolysed by heating it with 20 ml. of ethanolic 2N 
sulphuric acid for about 5 hours on a water bath. The solution was extracted with ether 
and ethereal layer yielded sapogenin 2, which was recrystallised from methanol to give 
colourless needles. The aq. layer after usual workup was examined on PC (Rf. 0.19) 
using n-BuOH-HOAc - water (4: 1: 5) as solvent system and aniline hydrogen phthaiate 
as spraying agent, to show the presence of D-galactose. 

Sapogenin 2, colourless needles, was studied for molecular formula € 30114804 , and M 
472 ( EIMS ). It responded all the reactions of triterpenoids and was soluble in Ethanol 
and feebly soluble in ethyl acetate. [Found C; 75.84, H: 10.09; Cal. C: 76.23, H: 10.14] 
IR V max cm'*: 3402(OH group), 3018, 1622 (double bond), 2855, 1373(methyl group), 
1710 (COOH group) and 1405, 1380, 1312 (Triterpenoidal nucleus). EIMS m/z 472 
[M"^], 440, 427, 248, 207, 203, 190, 189, 175 and 133. '^C NMR (300 MHz, DMSO-de) 
39.5 (C-1), 28.6 (C-2), 90.4 (C-3), 39.4 (C-4), 57.8 (C-5), 17.1 (C-6), 33.2 (C-7), 40.7 (C- 
8), 48.4 (C-9), 38.1 (C-10), 25.4 (C-11), 124.0 (C-12), 143. 7(C-13), 42.2 (C-14), 28.9 
(C-15), 67.6 (C-16), 46.8 (C-17), 42.1 (C-18), 47.1 (C-19), 32.0 (C-20), 35.1 (C-21), 32.8 
(C-22), 28.6 (C-23), 18.3 (C-24), 15.4 (C-25), 17.0 (C-26), 26.0 (C-27), 178.6 (C-28), 
34.1 (C-29), 23.6 (C-30). 

Sapogenin 2 (350 mg.) was methylated with diazomethane to yield methyl ester 
derivative 2 a as crystals (310 mg.) from methanol, which was analysed for mol. for. 
C 35 H 54 O 6 and M^ 570 EIMS. 
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The methyl ester 2a (225 mg.) was acetylated with acetic anhydride to get diacetylated # 
methyl ester derivative (2b) of sapogenin 2 as colourless crystals (190 mg.) from acetone. 
Diacetylated Derivative 2b was analysed for molecular formula C35H54O6 and M* 570 
EIMS [found; C: 74.10%, H: 9.57; Cal. C: 73,38, H: 9.47]. IH NMR spectrum (CDCI3, 

^0 MHz) 5 0.97 (s, 3H, C-23 Me group), 0.74(s, 311, C-24 Me group), 0.9 1 (s, 3H, C-25 
Me group), 0.89 (s, 3H, C-26 Me group), 1 .26 (s, 3H, C-27 Me group), 0.84 (s, 3H, C-29 
Me group) 0.96 (s, 3H, C-30 Me group), 1.30-2.03 (m, 18H, Polymethylene and methyl 
CH2 and CH), 2.08 (s, 3H, (C-3-OAc), 2.18 (s. 111, 11-18), 2.20 (s, 311, C-16-OAc), 2.21 
(s, H-11), 3.05 (dd, IH, 10.3, 9.0 Hz., H-16a), 3.60 (s, 3H, -COOMe). 

Permcthylation and Hydrolysis of 1 The saponin I was subjected to the pcrmcthylation 
by taking it (20 mg.) with Mel (1.0 ml.) and silver iodide (16 mg.) in dimethyl formamidc 
for 48 hours at room temperature and filtered. The solution was then hydrolysed by using 
Killiani’s mixture (HCl: AcOH: Water 5: 12: 18). . On addition of excess of water to the 
mixture, the methylated sapogenin was precipitated out. The aq. part on usual workup 

gave the methylated sugar, which was identified as 2,3 ,4,6 tetra - 0 -methyl - D- 

n 

galactose by TLC (toluene: methyl alcohol 4:1). (Confirmed by Co-PC and Co-TLC). 
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The Scroph plants (Scrophulariaceae) are found 
in ranges, grazing lands and cultivated fields and 
consist of 220 genera and 3,000 species. These 
plants are rich in secondary metabolites 
(alleiochemicals) which often directly or indirectly 
affect hurpan/ animal health when ingested either 
due to therapeutic value or toxicity. 

The flavonoids, most wide spread group of the 
naturally occuring plant constituents are important 
and of interest due to their numerous physical and 
biological activities. Flavones are commoniy found 
in family Scrophulariaceae. Its various genera viz, 
Veronica agretis, V. opaca^ V. ceratocarpa, V. 
persica, V. fiiiformis, V. autria, V. hederaefolia, 
Grateola rateota, G. officinalis, G. linifolia, Linaria 
arvensis and Sopubia defphinifolla have 

been investigated, for their flavonoidal constituents. 

Russian scientists^^^^ have identified 
acetylpectolinarin, pectolinarin, pectolinaringenin, 
iinaroside and three acacetin derivatives in Unaria 
kurdica. Flavone aglycone acacetin was one of the 
acacetin derivatives, eluted with CHCb* The 2nd 
flavone glucoside eluted with 5% MeOH in CHCL3 
was identified as acacetin - 7-0-B-D 

glucopyranoside. Elution of polyamide columns with 
50% MeOH in CHCla yielded the 3rd component 
which was identified as acacetin -7-0 rutinoside 
(Linarin). 

Apart from pectoiinaringenin found in L 
kurdica, its 7-0-rutinoside, 7-0-robfnoside and 4 - 

acetyiderivative were isolated from the powdered 
aerial parts of KIckxIa aeqyptiaca Pectolinarin, 
found in L. kurdica and its acetyl derivatives were 


found for the first time in U dalmatica and Uaaria 
spp. Pectoiinaringenin and safvigenin alongwith 
a new flavone glycoside cirsimarittn 5-galactoside 
were isolated from Striga aspera Extraction of 
whole dried plant of KJanigera with methanol 
followed by T.LCm afforded two flavones which were 
identified as 5,6,7-trimethoxy-f)avone and 4, 5,6,7- 
tetram ethoxy flavone (tetra- o - methylscuteilarein) 
(17)^ 

During recent years a new class of naturally 
occuring compounds known as 
methylcyciopentarYoid monoterpenes or irridoids 
has gained Increased recognition as they provide a 
structural link between terpenes and alkaloids. 

Eleven irridoids, eight of which were new 
compounds and five flavonoids were isolated from 
six Unaria species (L dalmatica, L. genistifolia, L. 
peiisseriana, L, simplex, Linaria spp, and L 
vulgaris). Main irrldoid glucoside antirrinoside was 
found for the first time in five species, while, 
Iinaroside and S-O-glucosytantirrinoside in all the six 
spp. The strM^ures of six new irridoids were 
determined Three irridoid esters of an irridold 
glucoside named irridolinartns A,B, and C were 
isolated from whole plant of L japonica 

One of the isomeric forms of flavones is 
isoflavoniod which is often referred as 
phytoestrogen because it increases milk, meat 
production in animats and also produces "Infertility 
syndrome", most of the isoflavonoids were 

isolated from family Leguminosae yet, reports are 
available from family Scrophulariaceae too. Recently 
two new isoflavonoids 5,7,-dihydfoxy, 6-prenyl, 
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Editor, 

Indian Journal of Chemistry, 

Sec B. Biational Institute of Science Communication 
Dr. K.S. Krishnan Marg, 

New Delhi. -110012 


Dear, Sir, 


• We have isolated a flavonoid glycoside from a local 
plant Kickxia ramosissima ( Fam. Scrophulariaceae ) , on which 
a paper titled " Structure of a Novel Flavonoid Glycoside From 
Kickxia ramosissima " has been written. 

We are sending three copies of the manuscript of 
the aforesaid paper attached with this letter for publishing 
it in the coveted journal of "Indian Journal of Chemistry ” 
Sir, kindly consider this paper if you find it compatible to 
be published in your journal. 

Thanking you, 

. Yours sincerely. 


( H.M. Gupta ) 






STRUCTURE OF A NOVEL FLAVONOID GLYCOSIDE FROM KICKXIA 

RAMOSISSIMA 

Harimohan Gupta* and Neeraj Srivastava 
Department of Chemistry, Bipin Bihari Science Collage, Jhansi 284 001 (UP) India. 

The ethyl acetate soluble fractions of aerial parts of Kickxia raniosixsiiini (Wall.) 
Jaiichcu Syn. Linaria mmosissima Wall. (Scrophulariaccac) yielded a inicrocrystalline conipoiuid 
identified as “8-prcnyl-chr}'soeriol-4'-0-|t-D-.\ylopyranosyl- ( 1 ->2)-(Jt-L-arabinopy raiiosyl- ( 1 -»6)-|t- 
D-galactopyranosidc” by spectral analysis and chemical reactions. 

Kickxia mmosissima (Wall.) Janchen syn. Limiria mmosissima 
belongs to family Scrophulariaceae and occurs throughout India usually on rocky and 
stony places, hanging downwards from the cervices, and fissures of walls of old 
buildings. The plant is vernacularly known as BhinIgalocJi or Kaiiotli and is useful in 
the treatment of diabetes'. The authors, herein, report the presence of a novel 
flavonoid glycoside, 8-prenyl-chrysoeriol-4'-0-p-D-xylopyranosyl- (l->2)-a-L- 
arabinopyranosyl- (l->6)-P-D-galactopyranoside, identified on the basis ot spectral 
and chemical evidences. 

Compound 1 (C37H46O19) obtained as a light yellowish ciystallinc 
substance, showed +ve Shinoda test^ and Molisch s test for tlavonoids and sugais 
respectively indicating flavonoidal and glycosidic nature of compound. 1 he UV 
268 and 342 nm indicated a flavonoidal skeleton. The IR peak at 3425 cm ' 
pointed towards the presence of OH group(s). The peracetylation of compound I 
(NaOAc + AC2O) yielded a derivative which was found to be decaacetate by the 
Wisenberger method, due to 10 OH groups. The appearance of chemical shifts at 5 
2.02 - 2.47 integrating for 30 protons, confirmed the presence of 10 OH groups in the 


molecule. 



The compound 1 , on acid hydrolysis, furnished sugar in hydrolysate 
and an aglycone 2 . The sugars were identified on Cp-PC as D-galactose, L-arabinosc 
and D-xylose and the ratio between aglycone and three sugars was found to be 1 : 1 : 1 ; 1 
by the 'll NMR and "'C NMR. data. By colour reactions’’'' and charactcri.stic UV 
absorption maxima at 269 and 346 nm, the flavone skeleton was established in the 
compound 2. In the IR spectaim of the 2, two peaks at 3428 cnf' and 2825 cm' 

suggested the presence of hydroxyl and methoxyl groups in the compound. By the 
Zeisel’s method, one methoxyl group was determined in the compound. The UV and 
'H NMR spectrum of the 2 was almost similar to that of the chrysoeriol\ thus, the 
position of the methoxyl group was assigned at C-3'. A sharp singlet at 6 3.88 
integrating for 3 protons was a confirmation of the presence of the one -OCH 3 group 
at position 3' *. Compound 2 formed a triacetate C 27 U 2 f >09 showing three Oi l groups. 
On adding NaOMe a stable bathochromic shift of 56 nm without decrease in intensity, 
was an evidence of the presence of a -OH group at C-4' position in the ring B^. 1 hi.s 
shift was absent in glycoside, thus, pointing towards the 4'-0 glycosidic linkage. A 
bathochromic shift of 42 nm in band I in presence of AICI 3 /HCI was due to the 
presence of a free 5 -OH group in the flavonoid . On adding NaOAc, a bathochromic 
shift of 28 nm in the band II suggested the presence of a -OH group at C-7, which was 
' further corroborated by llie appearance of a new band at 328 nm on adding NaOMe . 

The IH NMR spectrum of 2 was almost similar to that of 
chrysoeriol with an exception due to signals attributable to a 3, 3-dimethyl ally! group 
[5 3 . 42 , d, 2 H, 6 . 3 Hz.H-l''; 5 . 21 , t, IH, J= 6.0 Hz., H-2''; 1.66, s, 3H, 11-4" and 1.79, 
s, 3H, H-5"]®’“'. The location of prenyl unit at C -8 was undoubtedly determined by the 
comparison of 13C NMR chemical shifts of C -6 and C -8 [97.1(d) & 105.3 (s) 
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respectively] of the 6 or 8 substituted 5, 7- dihydroxy tlavones”. A signal at 6 6. 48(1 
H), assigned to H-6 of the ring Tliis proved the tri substituted nature of the ring A 
and confirmed the attachment of 3, 3- dimethyl allyl unit at C-8. 


The compound FG I was liydrolyscd with Killiani's mixture’’ at 
room temperature, which liberated first D-xylose, followed by L- arabinose and then 
D- galactose, therefore, D-xylose was terminal sugar and D-galactose was linked to 
the aglycone. On column chromatography of contents over Si gel, using methanol as 
eluant, a mixture of three proaglycones was obtained, which were assigned as la, ll> 
and Ic. 

The proaglycone la was hydrolysed with 7% sulphuric acid, when 
it yielded aglycone and D-galactosc (confirmed by Co-PC and Co TLC). la was 
hydrolysed by enzyme emulsin, when it gave D-galactose and aglycone, therefore, the 
D-galactose was linked to the aglycone by the P linkage. The proaglycone la was 
permethylated by the method of Khun' ', followed by hydrolysis, which gave 2, 3, 4, 6- 
tetra-O-methyl -D-galactose (identified by Co-PC and Co-TLC), thus, showing that C- 
1 of the D- galactose was linked to the 4' of the aglycone. It also suggested that D- 

galactose was present in the pyranose form. 

The lb on acid hydrolysis with 7% sulphuric acid, yielded aglycone, 
D-galactose and L-arabinose (confirmed by the Co PC and Co TLC). The lb was also 
.permethylated by the Khun’s procedure and then hydrolysis to yield 2, 3, 4-tri-O- 
methyl-D-galactose and 2, 3, 4-tri-O-methyl-L-arabinose (identified by Co-PC and Co- 
TLC). This suggested that L- arabinose was linked to the D-galactose by (l-> 6) 
linka^^e It was also an indication of the fact that both the sugars were present in tiie 






pyranose form. 


Ic was also hydrolysed in the same manner to yield the aglycone FCi 
2 (confirmed by the mmp, Co-TLC and Co-PC) and sugars, D-galaciose, L-arahinosc 
and D-xylose (confirmed by the Co-PC and Co- TLC). On permethylation, followed by 
the hydrolysis compound Ic yielded 2, 3, d-tri-O-methyl -D-galactosc, 3/l-cii-()- 
methyl-L-arabinose and 2, 3, 4-tri-O-methyl-P-xylose. Thus, clearly pointing that D- 
xylose was linked to L-arabinose via. (1— >2) linkage and that all the sugars wcie 
present in the pyranose form. 

The glycoside 1 was first hydrolysed by enzyme almond emulsin'\ 
when it yielded aglycone FG 2, terminal sugar D-xylose and a disaccharide unit. This 
was a clear indication of [3 glycosidic linkage between D-xylose and disaccharide unit 
and also between aglycone and disaccharide. The hydrolysed product having 
disaccharide unit was further hydrolysed by the enzyme takadiastase. It liberated the 
D-galactose and L-arabinose, thus, suggesting the presence of a a linkage between L- 
arabhiose and D-galactose. The spectral data matched with the available literature 
indicated the compound 2 to be 8-prenyl-chrysoeriol. The compound 1 was 8-prenyl- 
chrysoeriol-4'-0-13-D-xylopyranosyl-( I ->2)-a-L-arabinopyranosyl-( 1 ->6)-p-D- 
galactopyranoside. 

EXPERIMENTAL 


The aerial parts of if. wmosissitmi were collected from the 
adjoining regions and wfere identified by the Botany Department of this college. A 
voucher specimen was deposited in the same Department. 

Air-dried and finely powdered aerial parts (3.0 kg.) ot A. 
ramosissima were soxhlet extracted with 95% MeOH. The concentrated MeOIl 
extract was dissolved in cold FLO and the solution successively partitioned with n 
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hexane, CoHe, CHCI3 and EtOAc. The concentrated EtOA\c soluble part was 
chromatographed over a silica gel column (5 x 90 cm.), eluting with CHCI 3 ; MeOH 
with increasing polarity. The CHCl?; MeOH (1:9) part gave 1 . 

Compound I was obtained on crystallisation with methanol as yellowish micro- 
crystalline compound. [Found C: 55.34; H: 6.16; Cal. C: 55.92; H; 5.79] analysed for 
Molecular formula CsTHahOis and [M'] 794[E1MS]. UV nrn 243, 246 (sh), 

268, 290 (sh) and 342; (+NaOMe) 270, 320 and 365; (+A1C1.,) 260, 278, 294, 361 and 
386; (+AICI3+HCI) 258, 278, 291(sh), 346 and 382(sh); (+NaOAc) 272, 319 and 359 
and (+Na 0 Ac+H 3 B 03 ) 268 and 340. IR v^'^„x3425, 2985, 2820, 1670, 1645, 1600, 
1505, 1385, 1368, 1285, 1218, 1 145, 828 cm''. ElMS, 794 [M'j and m/z = 661, 529, 
368, 367, 353, 340, 313, 312, 299, 165, 164, 148, 137 and 136. ‘'CNMR; 164.6 (s, C- 
2), 103.9 (s, C-3), 182.2 (s, C-4), 159.3, (s, C-5), 97.8(d, C-6), 157.7(s, C-7), 104 (s, 
C-8) 157.2 (s, C-9), 104.9 (s, C-10), 124.9 (s, C-T), 111.7 (d, C-2'), 150.6 (s, C-3'), 

■A 

151.4 (s, C-4'), 115.2, (d, C-5'), 120.7(d, C-6'), 61.1(s, C-3'-OCll3), 22.8 (t, C-1"), 

■ 124.1 (d, C-2"), 131.0 (d, C-3"), 25.4(q, C-4), 17.8(q, C-5"), 103, 2 ( d, C-1'"), 

73.8 (d, C-2'"), 76.4 (d, C-3'"), 75.3 (d, C-4'"), 76.5 (d, C-5'"), 70.1 (t, C-6'"), 
101.6 (d, C-1""), 79.7 (d, C-2""), 73.0 (d, C-3""), 68.1 (d, C-4""), 63.3 (t, C-5""), 

104.9 (d, C-1'""), 74.6 (d, C-2 ), 76.8 (d, C-3'""), 70.2 (d, C-4'""), 66.1 (t, C- 

5 ). 

Compound 1 was heated with fused sod. acetate and acetic anhydride at 130° for 6 hrs 
and worked up as usual, when it yielded decaacetate, [found C: 56.36; H ; 5.59; Cal. 
56.34; H: 5.44 analysed for molecular for. CullM.On, M 1214, IH NMR (CDCl.s, 90 
MHz) 5 6.23 (IH, s, H-3), 6.46 (IH, s, H-3), 7.85 (IH, d, J=1.5 Hz.,H-2'), 7.03 (ill, 
d, 8.5 Hz., H-5'), 7.51 (IH, dd, 2.2 & 8.5 Hz.. 11-6'), 3.39 211, d, 6.3 Hz., H-1"), 5.24 
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(IH, t, 6.0 Hz., H-2"), 1.69 (3H, s, H-4"), 1.82 (3H. s, H-5"), 3.81 (3H, s, 3' -OCll-.). 
2.47 (3H, s, 5- OAc), 2.40 (3H, s, 7-OAc), 4.74 (IH, d, 7.2 Hz., 1 "' anomeric 
proton), 4.85 (IH, d, 5.2 Hz., 1'"' anomeric proton), 4.92 (IH, d, 7.2 Hz., 1 ''”' 
anomeric proton), 3.28-4.68 (16H, m, proton.s of sugar), 2.07 (3H, s, 2'” -OAc), 2.1 ! 
( 6 H, s, 3'" &. 4 '" -OAc), 2.09 ( 6 H, s, 2 ”" -OAc & 3'”' -OAc), 2.04 (611, s, 2 ""' & 
4 ’"" -OAc), 2.02 (3H, s, 3""' -OAc). 


Compound 1 was hydrolysed with 7% ethanblic H 2 S 04 . After reflu.xing for about 8 
hrs., it yielded aglycone 2 on removal of EtOH. The hydrolysate obtained froni the acid 
hydrolysis, was neutralised with BaCO.i and filtered to remove BaSO.». The filtrate 
after concentration under vacuum was examined on PC. (Rf. 0.20) [ n - BuOH - 
I-IOAc - H 2 O (4:1: 5)] and aniline hydrogen phthalate as spraying reagent to show 
the presence of D - xylose, L- arabinose and D- galactose. 

Compound 2 was a yellowish microcrj'stalline powder, [found C: 68.24; H: 5.81; Cal. 
C: 68.48 and H: 5.43] and analysed for molecular formula CbjlbuOf,, M 368 (I:IMS). 
UV nm 241, 251(sh), 269 and 346; (+NaOMe) 264, 278 (sh), 328 (sh) and 

402; (+AICI 3 ) 263, 274, 295, 364 (sh), and 391; (AlCb+HCl) 258, 274, 293, 352 and 
388; (+NaOAc) 269, 322 and 394; (+NaOAc+H.;B 0 . 3 ) 266 and 348; IR v‘"‘*'„„x3428, 
2980, 2825, 1668, 1642, 1610, 1500, 1386, 1374, 1282, 1226, 1149 and 821. EIMS, 
in/z, 368 [M'j 353, 340, 313, 312, 299, 165, 164, 148, 137 and 136; ’’C NMR, 6164.9 
(s, C-2), 103.7 (d, C-3), 182.6 (s, C-4), 159.7 (s, C-5), 97.1(d, C- 6 ), 158.4 (s, C-7), 
105.3 (s, C- 8 ), 156.8 (s, C-9), 104.6 (s, C-10), 121.2 (s, C-l'), 1 12.4 (d, C-2'), 148.4 
(s, C-3'), 153.3 (s, C- 4 '), 112.9 (d, C-5'), 1 19.8 (d, C- 6 '), 61.7 (q, -OCH.O, 22.3 (t, C- 
■ 1 "), 123.6 (d, C-2"), 13 1 4 (s, C-3"), 25.9 (q, C-4") and 17. 1 (q, C-5"). 

On acetylation it formed a triacetate C27H2<-.09, M"494 [found C ; 66.09; H: 5.3 j; Cal. 
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C; 65.59, H; 5.26], EIMS (M') 494 ; 'H NMR (90 M Hz., CDCl.,); 5 6.20 (IH, s, H- 
3), 6.48 (IH, s, H- 6 ), 7.82 (IH, d, 1.5 Hz., H- 2 '), 6.82 (IH, d, 8.5 Hz., H-5'). 7.49 
(IH, dd, 2.2 & 8.5 Hz, H- 6 '.), 3.42 ( 2 H, d, 6.3 Hz., H-l"), 5.21 (IH, t, 6.0 Hz„ H-2"), 
1,66 ( 311, s, II-4"),1.79 (311, s, 11-5"), 3,88 (311, s, 3'-OCll,), 2 49 (.311, s, 5-()Ac), 

2.42 (3H, s, 7-OAc) and 2.32 (3H, s, 4'-OAc). 

Hydrolysis of 1 with Killiani’s mixture. The flavonoid glycoside FG 1 (400 mg.) and 
Killiani’s mixture (70 ml. FlCl; Acetic acid; Water, 15: 35; 50) were taken at room 
temperature and left for 4 days. The reaction mixture was extracted with n- butanol. 
Butanol extract on I'LC (BAW) examination showed the presence of three 
compounds. This extract on concentration was subjected to the column 
chromatography over a column of silica gel and eluting the column with chloroform: 
methanol in different proportions, to separate the three proaglyconcs. 

I’roaglycoiie la It analysed for the molecular for. C 27 H 30 O 11 and M 530. (found C = 
61.36, H= 5.78 Cal. C= 61.13, H= 5.67) The fa (50 mg.) was permethylated by taking 
.it with methyl iodide ( 5.0 ml.) and silver oxide in dimethyl formamide ( 8.0 ml.) and 
kept for two days at room temperature. The reaction mixture was filtered and residue 
was washed with dimethyl formamide. The filtrate was concentrated under reduced 
pressure to a syrupy mass, which was hydrolysed with 22 % sulphuiic acid, to give 
aglycone and methylated sugar. After separation of the aglycone, the aqueous part 
gave 2, 3, 4, 6 -tetra-O-methyl-D-galactoside, which was identified by Co-PC and Co- 
TLC (butanol; acetic acid: water (4:1:5) and aniline hydrogen phthalate as spraying 

reagent). 

Fi-oaglycone lb, the proaglycone lb was permethylated and hydrolysed, when it 
exhibited the presence of aglycone (identified by m.m.p., Co-TLC and Co-PC with 
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autlientic sample). The aq. liydrolysate revealed the presence of two methylated sugars 
identified as 2, 3, 4-lri-O-methyl-D-galactose and 2, 3, 4-()-methyl-L-aiabinose 
(identified by Co-PC and Co-TLC). 

Proaglycoiie Ic It analysed for the molecular formula CnH.i(.Oii> and molecular weight 
794 (EIMS). [C= 55.34, H= 6.16, Cal, C= 55.92, H= 5.79], It was permethylated and 
hydrolysed to get the aglycone (identified by m.m.p., Co TLC and Co-PC) after 
filtration. The aq. hydrolysate showed the presence of three sugars, 2, 3, 4-tri-O- 
methyl-D-galactose, 3, 4-di- 0-methyl-L-arabinose and 2, 3, 4-tri-0-methyI-i.)-xylose. 

. Enzymatic Hydrolysis The solution of compound I (50 mg.) in ethanol (30 mi.) was 
suspended in an almond emulsin solution (30 ml.) and the mixture was kept for three 
days at room temperature. When it clearly revealed the presence of aglycone, D-xylose 
and a disaccharide sugar unit. Then the takadiastase enzyme was added in the reaction 
mixture and was again kept for three days. The ppt. was separated by filtration and 
hydrolysate was subjected to PC with authentic sample, when it showed three spots 
and revealed clearly the presence of D-galactose, D-xylose and L-arabinosc (conlirmed 
by Co-PC and Co-TLC with authentic sample). 
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